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TRANSLATOR'S PREFACE. 



re appropriately introduce the Cosmos to tlte 
notice of tlie readers of the Scientific Libraiy, than, by pre- 
Benting tliem with a brief sketoh of tlie life of its illustrious 
author.* While the name of Alexander Ton Humboldt is 
familiar to every one, few, perhaps, are aware of the peculiar 
circsmstancee of his scientific career, and of the extent of his 
labours in almost every department of physical knowledge. 
He was bom on the 14th of September, 1769, and is, there- 
fore, now in his 80th year. After going through the ordinary 
course of education at Oottingen, and having made a rapid 
tour through Holland, England, and France, he became a 
pupil of Werner at the mining school of Freyburg, and in his 
21st year, published an " Essay on the Basalts of the Rhine," 
Thoi^h he soon became oificially connected with the mining 
corps, he was enabled to continue his cxcniBionB in foreign 
countries, for durii^ the six or seven years succeediag the 
publication of his first essay, he seetnB to have visited Austria, 
Switzerland, Italy, and France. His attention to mining did 
not, however, prevent him from devoting his attention to 
other scientific pursuits, amongst which botany and the then 
recent discovery of galranism may be especially noticed. 
Botany, indeed, we know fivm his own authority, occupied 
him slmost exclusively for some years, but even at ibis lime 
he was practising the use of those astronomical and physical 
instruments, which he afterwards turned to so singularly 
excellent an account. 

The political disturbances of the civilized world at flic close 
of the last century prevented our author firom CEUrying out 

* Yat Ü18 followics remarks I am sudnly Indebted to tbe srticlea db 
the Coamoa in the two leading quarterly Bevism. 
Vol. I. h 
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Tarions plans of foie^ travel vhioh lie had contemplated, 
and detained him an unwilling prisoner in Europe. In the 
year 1799 he went to Spain, witli the hope of entering Afiica 
from Cadiz, but the unexpected patronage which he received 
at the Court of Madrid, led to a great alteration in hie plana, 
find decided him to proceed directly to the Spaniah Posses- 
sions in America, " and there gratify the longings for foreign 
«dventure, and the scenery of the tropics, which had haunted 
bim from boyhood, but had all along been turned in the dia- 
metricidly opposite direction of Asia." After encountering 
TsriouB risks of capture, he succeeded in reaching America, 
uid from 1799 to 1804 prosecuted there extensive researches 
in the physical geography of the New World, which have 
indelibly stamped his name in the undying records of science. 
Excepting an excursion to Naples with Gay Lusaac and 
Von Buch in 1805 (the year after his return from America), 
the succeeding twenty years of his life were spent in Paris, 
and were almost exclusively employed in editing the results 
<tf his American journey. In order to bring these results 
before the world, in a manner worthy of their importance, 
he commenced a series of gigantic publications in almost 
every branch of science, on which he had instituted obser- 
vations. In 1817, after twelve years of inoesadnt toil, four- 
fifths were completed, and an ordinary copy of the part 
tiien in print, cost considerably more than one hundred pounds 
sterlii^. Since that time the publication has gone on more 
slowly, and even now, after the lapse of nearly half a century, 

, it remains, and probably ever will remain, incomplete. 

In the year 1826, when the greatest portion of his literary 

' labour had been accomplished, he undertook a scientific 
journey to Siberia, under the special protection of the Gussian 
Government In this journey — a journey for which he had 
prepared himself by a course of study unparaUeUed in the 
history of travel — he was accompanied by two corapanio&s 
haidly less distiiucuished than biynaglf, Ehrenberg and QostaT 
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Boae, and Hie resnltB obtained dnring their expedition, are 
recorded by onr aatbor in his fiwfmenlt Atiatiques, and in 
bis Asie Gattrvie, and by Rose ia bia Jteiu nach dttn OuraL 
ff the Atie Centrale bad been bis only -work, constituting, as 
it does, an epitome of all tbe knowledge acquired by binuelf 
and by former traTellers, on the pbydcal get^ra^y of Nortii- 
em and Central Asia, that vork alone would have sntiSced 
to form a reputation of tbe highest order. 

I proceed to oiKr a few remarks on the woric of which I 
now present a new translation to tbe English public, a woife 
iittended by its author " to embrace a summary of physical 
knowk(%e, as connected with a delineation of the material 



The idea of such a physical description of the u 
it appears, been present to his mind from a very early epoch. 
It was a work which he felt he must accomplish, and he 
devoted almost a lifetime to the accumulation of materia 
for it F«* almost half a century it bad occupied bia 
Üioughts; and at length in the evening of life, he felt 
himself rich enough in the accumulation of thought, traTel, 
reading, and experimental research, to reduce into form 
and reality, the undefined visitHi that has so long floated 
before bim. The work when completed will form three 
volumes. The ßril volume comprises a sketch of all that ia 
at present known of the physical phenomena of the universe; 
the teeond comprehends two distinct parts, the first of i^oh 
treats of the incitements to the study of nature, afibrded in 
descriptive poetry, landscape painting, and the cultivation of 
exotic plants; while the second and lai^er part enters into 
the consideration of the di&rent epochs in the progress of 
discovery and of tbe corresponding stages of advance in 
human civilisation. The third volume, the publication of 
which, as M. Humboldt himself informs me in a letter 
addressed to my learned friend and publisher, Hr. H. G. Bobn,' 
" has been somewhat delayed, owing to the present statS'^^ 
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public affairs, will comprise the special and scientific develop- 
ment of the great Picture of Nature." Each of the three 
parts of the Conmu is. therefore, to b certain extent, distinct 
in its object and may be considered complete in itself. 
We cannot better tenmnate this brief notice, than in the 
words of one of the most eminent philosophers of onr own 
country, that " should the conclusion correspond (as we doubt 
not) with these beginnings, a work will hare been accom- 
plished, every way worthy of the author's feme, and a crown- 
ing laurel added to that wreath, with which Europe will 
always dchght to surround the name of Alexander von Hum- 
boldt." 

In venturing to appear before the English public as the 
interpreter of "Iht great work of our age,"* I have been 
encouraged by the assistance of many kind literary and scien- 
tific friends, and I gladly avail myself of this opportunily of 
expressing my deep obligatdons to Mr. Brooke, Dr. Day, 
Professor Edward Forbes, Mr. Hind, Mr. Glaisher, Dr. Percy, 
and Mr. Konalds, for the valuable aid they have afforded me. 

It would be scarcely right to conclnde these remarks 
without a reference to. the translations that have preceded 
mine. The translation, executed by Mrs. Sabine, is singularly 
accurate and elegant. The other translation is remaikable 
for the opposite qualities, and may therefore be passed over y' 
ailence. The present volumes differ from those of Mia. Sabia " 
in having all the foreign measures converted into correspond- 
ing . English terms, in being published at considerably leas 
Hian one third of the price, and in being a trouslation of the 
entire work, ft)r I have not conceived myself justified in 
omitting passages, sometimes amounting to pages, simply 
l>ecause they might be deemed slightly obnoxious to our 
national prejudices. 

* The expmdoD applied to the Cosmos, bj the leaned Bungen In 
his Iste EepoTt on £UmoIogy, in the Rtporl ^ the Britith Ateociatioa 
for 1B47, p. 285. 
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Ik the late evening of an active life I 08^ to tbe Oennan 
public a TTork, whose undefined image lias floated before my 
mind for almost half a century. I have frequently looked npon 
its completion as impractici^e, but as often as I bave been 
disposed to reUuqnish Ute nndertakii^, I have again — althbugli 
pethapa impnidenuy — resmned the task. This irork I now 
present to my cotemporarieB, with a diffidence inspired by a 
just mietntst of my own powers, whilst I would willingly fijr- 
get diat writings loi^ expected are usually received with less 
indulgence. 

Althoi^h the outward relations of life, and an irresistible 
impulse towards knowledge of various kinds, have led me to 
occuj^ myself fiir many years — and apparently exclusively— 
with separate branches of science, as, for inafanoe, vrith 
descriptive botany, geognosy, chemistry, aatronomical deter- 
minatiSna of position, and terrestrial magnetism, in order that 
I m^ht the better prepare myself for the extensive travels in 
which I was desirous of er^aging, the actual object of my 
studies has nevertheless been of a higher character. The' 
principal impulse by which I was directed, was the earnest 
endeavour to comprehend the phenomena of physical objects in 
their general connection, and to represent nature as one great 
whole, moved and animated by internal forces. My inter- 
course with highly gifted men early led me to discover that, 
without an earnest striving to attain to a knowle^e of special 
branches of study, all attempts to give a grand and general 
view of tbe imiverse would be nothii^ more than a vain 
illusion. These special departments in the great domain of 
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natural science are, moreoTer, capable of being reriprocaUy 
fructified by means of Üie appropriative forces by which they 
are endowed. Deseriptive botany, no longer confined to the 
narrow circle of the determination of genera and species, 
leads the obserrer who traverses distant lands and lofty 
mountains to the study of the ge<^raphical distribution of 
plants over the earth's surface, according to distance from the 
equator and vertical elevation above the sea. It is further 
seeeasary to investigate the laws which r^inlate the differences 
of temperature and climate, and tLe meteorolo^cal processes 
of the atmosphere, before we can hope to explain the involved 
causes of vegetable distribution; and it is Urn» Üiat the 
observer who earnestly pursues the path of knowle^e is 
led from one class of phenomena to another, by means of the 
mutual dependence and connection existing between them. 

I have enjoyed on advantage which few scientific travellers 
have shared to an equal extent, viz., that of having seen not 
only littoral districts, such as are alone visited by the majority 
of those who take part in voyages of circumnavigation, but 
alao those portions of the interior of two vast continents which 
ja«8ent the most striking contrasts, manifested ia the Alpine 
tro[ucaI landscapes- of South America, and the dreary wastes of 
ihe steppes in Northern Asia. Travek, nndertaken fh dis- 
tricts such as tiiese, could not &il to encourage the natural 
tendency of my mind towards a generalisation of views, and to 
■encourage me to attempt, in a special work, to treat of the 
knowledge which we at present possess, regai^ng the sidereal 
and terrestrial phenomena of the Cosmos in thdr empirical 
relations. The hitherto undefined idea of a physical get^raphy 
has thus, by an extended and perhaps too boldly imagined a 
plan, been comprehended, under the idea of a physical 
description of the universe, embracing all created things in 
tiie regions of space and in the earth. 

The very abundance of the materials which are presented to 
the mind for airai^ement and definition, neoeee&rily impart 
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no ineoDaklenble difficulties in die choice of (be fonn under 
«Uch snch a worif must be presented, if it would aspire to 
Ae honour of being regarded as a literary compositicm. 
Descriptions of natuie ought not to be deficient in a tone of 
Ufe-like truthfulness, vhikt the mere enumeiation of a series 
of general results is prodnctiTe of a no less wearying impres- 
man than the elaborate accumulation of the individual 
data of obeerration. I scarcely venture to hope that I have 
succeeded in satiBfyiag these various requirements of compo- 
ntion, OT that I have myself avoided the shoals and breakers 
iiidch I have known how to indicate to others. My feint 
bope of success rests upon the special indulgence which the 
German pablio have bestowed upon a email work bearing the 
tiÜe of AntiehUn der Natwr, which I published soon after my 
return from Mexico. This work treats, under general points 
of view, of separate Intmches of physical gec^raphy, (such as 
010 forms of vegetation, grassy plains, and deserts.) The 
effect produced by this small volume has doubtlessly heea 
more powerfully manifested in the influence it has exercised 
on the sensitive minds of the young, whose imaginative fiicul- 
ties are to strongly manifested, than by means of anything 
^A^iich it could itself impart. In the work on the Cosmos on 
which I am now engaged, I have endeavoured to show, aa in 
that intitted AtuichUn der Natur, that a certain degree of 
Mnentifie completeness in the treatment of individual tacts, is 
not wholly incompatible with a picturesque animation of 

Since public lectures seemed to me to present an easy and 
efficient means of testing the more or less successful manner of 
connecting together ttie detached branches of any one süenoe, 
I undertook, for many months consecutively, first in the Frendi 
hoguage, at Paris, and afterwards in my own native German, 
at Berlin, (almost simnltaaeously at two different places 
of aasembly,) to deliver a course of lectures on the physical 
description of the nnivene, ooccdding to my conception 
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of the Bcieuce. My lectures were given extemporaneoualy, 
both in French and Geraum, and without the aid of written 
notes, nor have I, in any way, made use, in the preaeat work, 
of those portions of my diBcourses which have been preserved 
1^ the industry of certain attentive auditors. With the 
exception of tlie first forty pages, the whole of the present 
work was written, for the first time, in the years 1843 and 
1844. 

A character of unify, freshness, and anitnation, must, I 
tiiink, be derived from an association with some definite 
epoch, where the object of the writer is to delineate the pre. 
sent condition of knowledge and opinions. Since the addi- 
tions constantly made to the latter give rise to fondameatal 
changes in pre-existing views, my lectures and the Cosmos 
have nothing in commim beyond the succession in which 
the various &cte are treated. The first portion of my work 
contains introductory considerations regarding tLe diversity 
in the degrees of enjoyment to be derived fiiam nature, 
and the knowledge of the laws by which the universe is 
governed; it also considers the limitation and scientific mode 
of treating a physical description of the universe ; and gives 
a general picture of nature which contains a view of all the 
phenomena comprised in the Cosmos. 

This general picture of nature, whiob embraces within its 
wide scope the remotest nebulous spots, and Ibe revolving 
double stars in the regions of space, no less tban the telluric 
phenomena included under the department of the geography 
of organic forms (such as plants, animals, and races of men), 
comprises all tbat I deem most specially important witb 
T^ard to the connection existing between generalities and 
specialities, whilst it moreover exemplifies, by the form and 
style of the composition, the mode of treatment pursued in 
the selection of the results obtained from experimental know- 
ledge. Hie two saceeeding volumes will contain a «nui- 
deratioa of the particular means of indtenent towards the 
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■tudjr of nature (consiBtbg in animated delineatione, land- 
scape p ainting , and the arrangement and cultivation of 
exotic vegetable forme), of the history of the contemplation of 
the uniyeree, or the gradual deyelopmeiit of the reciprocal 
action of natural forces constituting one natural whole; and 
lastly, of the special branches of tiie several departments of 
science, whose mutoal connection is indicated in the begin, 
ning of the work. Wherever it has been possible to do bo I 
have adduced the authorities from whence I derived my &cts, 
with a view of affording testimony both to the aceuracy of my 
statements and to the value of the observationfl to which refer- 
ence was made. In those instances where I have quoted from 
my own writings (the &cts contained in which being, from 
flieir very nature, scattered through different portions of my 
works), I have always re&rred to the original editions, owing 
to the importance of accuracy with regard to numerical re. 
lations, and to my own disünst of the care and correct- 
ness of translators. In the few cases where I have extracted 
short passages from the works of my friends, I have indicated 
them by marks of quotation ; and, in imitation of the practice 
of the ancients, I have invariably preferred the repetition of 
the same words to any arbitrary substitution of my own 
paraphrases. The much contested question of priority of 
claim to a first discovery, which it is so dangerous to treat of 
in a work of this uncontroveraial kind, has rarely been 
touched upon. Where 1 have occasionally reierred to clas- 
ncal antiquity, and to that happy period of tmnsition which 
has rendered the sisteenth and seventeenth centuries so cele- 
brated, owing to the great get^raphical discoveries by which 
the age was characterised, I have been simply led to adopt 
this mode of treatment, from the desire we experience from 
time to time, when considering the general views of nature, 
to escape from the circle of more strictly dogmatical modem 
opinions and enter die free and fimciÄd domain of eariler 
presentiments. 
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It hu &eiqaeaüy been regarded as a subject of diecooraging 
Goniidentim, tbat whilst purely literary producta of mtellec- 
tual aotiTitp are rooted in the depths of feeling, and inter- 
woven with the creatiTe force of imagination, all works treat- 
n^ of empirical knowledge, and of the connection of natural 
|dienom^ia and|^jBical laws, are subject to the most marked 
modificationB of form in the lapse of short periods of time, 
both by the improrement in the instruments nsed, and by the 
consequent expansion of tbe field of ^iew opened to rational 
observation, and tliat those scientific works which have, to use 
a common expression, become antiquated by the acquisition of 
new fimde of knowledge, are thns continually being coiisi)^ed to 
oblivion aa unnjadable. However diacouraging such a prospect 
must be, no one who is animated by a genuine love of nature, 
and by a aense rf the dignity attached to its study, can view 
with regret anything which promises future additions and a 
greater degree of perfection to general knowledge. Many im- 
portant branches of knowledge have been based upon a aolid 
foundation which will not easily be shaken, both as regards 
Ae phenomena in the regions of space and on the earth; 
whilst there are other portions of science in which general 
views win undoubtedly take the place of merely special ; where 
new forces will be discovered and new substancea will be 
made known, and where those which are now considered as 
enmple will be decomposed. I would therefore venture to hope 
that an attempt to delineate nature in all its vivid animation 
and exalted grandeur, and to trace the iiahlt amid the vacil- 
lating, ever- recurring alternation of physical metamorphoses, 
will not be wTiolly disregarded even at a future age. 

PoUdam, Noe. 1844. 
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SUMMART. 

Translatort Prefece, 

Aathor's PreGwcL 

TOL.L 



Introduction, — Re/Uetion» on tie dijirent degrte» of enjoymtnt prt- 
aenied to v» by the agped qf nature, and Ihe adentific txpontion 0/ 
the iouw qflhe univert« pp. 1-61. 

luBight into Uie coDnecUon of phenomena aa the aim of all oatnral 
inTCBtJgaÜOD. Natot« presenU itself to meditatiTe contemplatioQ «a a 
unit; in diverotj, Diflerenceg in the grades of eiyojment jielded bj 
luitara. Effect of «rntaet «ith free nature; «luofnient derived bom 
nature iudepeocleoÜ; of a knowledge pf the action of natnnl forces, or 
of the effect produced hj the individual cbarscter of a localit7. E^ct 
of tiie phjm:^om; and configuration of the Bur&ce, or of the character 
of vegetation. Reminisceacea of the wood; valley« of the Cordillenu, 
tud of Uie Peak of Teneriffe. Advantage« of the mountAinona region 
near the equator, where the malüplicit; of natural impreetuonii attain* 
it« maiimum within tiie moit circumBcribed limit«, and where it ii per- 
mitted to man umaltaneoucly to behold all the atan of the finnaiueDt^ 
■nd all the forma of vegetation— pp. 1-12. 

Tendern^ towards the inveatigation of the caoael of physical jriwnch- 
mena. Erroneous views of the character of natual forces arising from 
an imperfect mode of observation or of induction. The crude aceoma- 
lation of physical dogmaa transmitted from one century to aao^er. 
Their difluuon amongst the higher classes. Scientific physics are aMi>- 
(dated with another and a deep-rooted Bygtem of untried and misander- 
■tood experimental positionB. Inveatigation of natmal laws. Appre- 
hension tliat nature may lose a portion of its secret charm by an inquiry 
into the internal character of its forces, and that the ei^oyment of 
nature must neceaaarily be weakened by a study of ita domi^ 
Advantages of geneml views which impart an exalted and lolema 
character to natural science. The poBsibility of separating generalities 
ftnm specialities. Eismples dmwn from astronomy, recent optical 
discoveries, physical geognosy, and the geography of plants. Practiea- 
Ulity of the study of phyeical coamography — pp. 13-3G. Uiiondeidood 
popular kaowledge, coi^ouudiug cosmography with a mere encyelop«dlS' 
enumeration of natural sciences. Necessity for a simultaneous rcgud. 
for all branches 01 natural science. luSuence of this study on naUobal - 
pTGBpeiity andtheweliareof natiMU; ila more earnest and clianetwlitit 
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lÜnL is ka inner ono, arimng front exalted mental acÜTit;. Mode of 
treatment with ngÜA to the object and presentation; reciprocal con- 
luettwn eiisUng betireen thought and speech — p. 36. 

Hie note« to pp. 6-12. ComponitiTe bjpsometrical dato of the eleva- 
tJ<Hia of tbe Dhavalagiri, Jairatir, Chimborazo, Etiui, (accorduig to the 
meamirement of Sir John Herachel), the Swiag Atpe, &c. — p. 6. Karity 
of palme and fems in the Himalaja mountains — p. 8. European vege- 
tat^e forme in the Indian mountains — p. S. Northern and sonlliem 
limits of perpetual Boo« on the Himalaya; inflnence of the elevated 
plateau of Thibet— pp. 9-12. Fiahesoftn eailierworld— p. 36. 

Jjimiü imd Method of Reptmtion qf the PhytKiü Deeeription cf tbt 

Univerte pp. 37-61. 

Subject« embraced by the study of the Coamoa or of physical coamo- 
graphy. Sepsntion of other kindred studies — pp. Z'l-Ai. The urano- 
log^c^ portion of the Coimoe is more idmple than the telluric ; the 
Impoaslbility of ascertidning the diTeralty of matter mmpliSea the study 
of the mechaniBDi of the heaTens. Origin of the irord Cosmo», its 
signification of adornment and order of tlie omTerse. The txisting 
cannot be absolutely separated in our contemplation of nature from the 
yuture. History of the irorld and description of the world— pp. 44-56. 
Attempts to embrace tbe maltiplicity of the phenomena of the Cosmos 
in the unity of thooght and under the form of a purely rational combi* 
nation. Natural philosophy which preceded all eiact observation ia 
antiquity is a natural, but not unfreqnontl; Ul-dlrected, eSbrt of reason. 
Two forms of abstraction rule the whole mass of knowledge, vii., iLc 
juaniitative, relatire detensinations according to nomber snd magni- 
tude, and quaiitaiive, material citaracters. Means of snbmittii^ pheno- 
mena to calculation. Atoms, mechanical methods of constructioa. 
Figurative representation«; mylhical coneoption of impandenible mat- 
ten, and tbe peculiar vital forces in every organism. That which is 
altWed by obäerration and experiment (calling forth phenomena) leads 
by analogy and indnction to a knowledge of empiriaü lav>»; their 
{p^ual simpliScalioa and geueralisation. Arrangement of the bets 
discovered in accordance with leading ideas. The treasure of empirical 
ooatemplation collected Üirough a^s, is in no danger of eiperiencii^ 
HIT hostile agency from philoaopby — pp. 56-61. 

[In tlie notes appended te pp. 48-G3, are considerations of the general 
•nd comparative geography of Varenius. Philological iDveatigatioa 
into themaaning of the words icocfioi: and ntun<iu4.] 

Delineation q/" Notare. Oeneral Semew <tf Naluntl PlunoTnena 
pp. 62-389. 
latroduotioQ— pp. 62-67. A descriptire delineation of the world 
embraces the whole umreise (r& väv) in the celestial and terrestrial 
qihere«. Form and couise of the representation. It begins with the 
d^thi of space, of which ve know little beyond tlie existence of 
laws of gravitatioii, and with tbe region of the remotest ncbnlous spots 
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ami double itin, and Uien gntdntll? descending throng the titxrj 
Btnitnin to which oar aolar BjBtenl belongs, i( contemplates QAa to r«- 
trial spheroid, «nmnmded by iJr Bud mter, uid fliikll;, proceed! to 
the conddinaüon of the fonn of our planet, its tempentoM, ind 
munetic tendon, and the falncA of oiganio rilalltj lAich li nn- 
foli&d on its «niÄce under the action of light, F&rtial iMlsfat hito 
the relatiTe dependence existing amongst all phenomena, Amid ^ 
the mobile and unstable elemeata in space, mean numerical mlue* are 
the nltimate aim of InTeetigation, being the eipresdon of die pkyded 
laws, or forces of the Coamos. The deUneatJon of Ibe aniTerae doc* not 
b^n with the earth, from which ■ merely antjjectlTe point of view 
might have led ns to start, bnt rather with the objeota compriied In the 
regiona of epace. Distribution of matl«r, Trhich la parUallj eon^o- 
merited into rotating and circling heaTcnlj bodies of Teiy dmbient 
density and magnitude, and partly scattered as eelf-Iominona T^Mnr. 
Beview of the sepaisle porüons of the ptctnre of nature for tLa pnrpaw 
of explaining the reciprocaJ eonnection of all phenomena. 

I. Celtelial portion of &e Cotmoa .... pp. 07-14fi. 

II. Tentslrial portion tjfthe Comios .... pp. 145-869. 

a. Form of the earth, its mean dendty, quantity of heat, electrO' 
magnetic actiTity, process of light^-pp. 145-197. 

b. Vital actiri^ of the earüi towuds its external anr^e. Be-action 
of the interior of a planet on its crust and aar&ce. Sabtensnean noise 
without wavea of ooncuadon. Earthquakes dynamic phenomena^ 
pp. 197-aiS. 

e. Material products which frequently accompany earthquakes. 
Qaseoua and aqueous springs, Salses and mad-volcanoes, üpheavals 
of the soil by elastic forces—pp. 213-22S. 

d. Fire-emittjng mountains. Craters of elcTstion. Distribution of 
Tolcsnoes on the earth — pp. 22S-245. 

e. Volcanic forces form new kinds of rock, and metamorphose those 
already existing. Oeognostjcal classification of rocks into four groups. 
Phenomena of contact. Fosdliferons strata; their vertical amngement. 
The fimnaa and Boras of an earlier world. Distribntion of mosaes of 
rock— pp. 246-288. 

/. Qeognosticol epochs wliich are indicated by the mineialogtcal dif- 
ference of rocks hate determined the distribution of solids and fluids 
into continents and seas. Indiridaal configuration of solids into hori- 
contai expanuon and vertical elevation. Relations of area. Artien- 
lation. FrobablUty of the continued elevation of the earth's crust in 
ridges— pp. 2 83-808. 

g. Liquid and aeriform envelopes of the solid sni&ce of our planet. 
Distribution of heat In both. The sea. The tides. Currents and thdr 
effects— pp. 306-310, 

h. The atmosphere. Its chemical composition. Fluotaationa in ita 
denäty. Law of the direction of the winds. Mean temperature. Em. 
meration of the causes which tend to raise and lower the t«DpentaM> 
Vol, I. 
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COnÜDcntnl aad insular climates. East and n-pst poasla. Causa of the 
currsture of the isoülermal ILneB. LimitB of perpctusl snov. Quantity 
of T^Minr, Electricity in, the aimosphero. Forms of the clouds — 
pp. 818-347. 

t. Sepanttiou of inorganic terrestrial life from the geo^aphjr of vital 
Drganions; tlie geography of Tegetables sod imimals. Phf^cal grada- 
tions of the homan race— (pp. 347-369). 

UpteialAmdymaofAe IhüneaUo» of Nature, itiduding r^ermeia to 
Üiestä>jtcl»lrmUdofinlhalfotei. 

I. CeiaOiol poTtum of ike Co»mo» pp. 87-145 

. The unireisa tud all ilutt it comprises — multiform uebuloug gpola, 
plsaetary vapoiir, sjul nebulous stars. The picturesque charm of a 
Kouitem skj— (nota pp. 68-8). Conjeotares oa tJia poaition in space of 
tike irorld. Our atellai nusBes. A covnical island. Qauging stars. Double 
stars revolving round a common centre. Distance of the star SI Cygni — 
(p. 73 and note). Our eolar sjslcm more complicated than was eonjec- 
tured at Iha closa of the last century. Primary planets nith Neptune, 
Aatrea, Hebe, Iris, and Flora, now constitute 16; secoadaiy planet« 13;' 
myriads of cometa, of which' many of the inner ones are enclosed in the 
oAita of the planets; a rotating ring (the zodiacal light) and meteoric 
8t«nea, probably to be regarded as small cosmieal bodies. The teles- 
•copic planet^ "V^esta, Juno, Ceres, Pallaa, Astrea, Hebe, Ida, and Flor^ 
With tieir frequently intetaecting, stron^y inclined, and more e 
■orbits, constitute a central group of separation between the inne 
tary group (Mercnry, Venus, the Earth, and Majs), and the outer 
group {Jupiter, Saturn, Uranna, and Neptune). Contrasts of thcie 
planetary gronps. Relations of dialSLnce Ihim one central body. Dif- 
ferences of absolute magnitude, density, period of revolution, ecoentri- 
city and inclination of the orbit«. The soHTslled law of the distances 
of the planets from their central sun. The planets which have 
flie largest number of raoona — (p. 80 and note). Eolations in spsee 
both [isolate and relative of the secondaiy planets Largest and 
smallest of tiie moons. Greatest approximaüon to a primary planet. 
Betrogressive movement of the moons oF Uranus. Libration of the 
Earth's satellite — (p. 83 and note). Cometa; the nncleos and tail; 
various forms and directjona of the emanations in conoidal envelopes with 
more or less dense w^s. Several l^ls inclined towards the sun; change 
of fona of ihs tail; its conjectured rotation. IKatnre of llg^t. OccnI- 
tations of the fixed stara by the nuclei of comets. Eccentricity of their 
orbits and periods of rcvolntion, Greatest distance and greatest ap- 
proiiniatioa of cometa. PasRige through the system of Jupiter's satel- 
lites. Comets of ^ort periods of revolution, more correctly termed 
inner comets (Enke, Biela, Faye) — (p. 94 and note.) lievolving aero- 
liliea bneteoric atones, fire iHillg, fiilling stars). Their planetary velocity, 
ma^tnde, form, observed height Periodic retain in streams; the 
November stream and the stream of St. Lawrence. Chemical compo- 
^tion of meteoric asteroida — fp. 117 and note). Bing of zodiacal 
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Bgjit. Lbnltatiba df Hie promit aa\az &tfflo8ptiBfe^(p. ISO and not«), 
TraaätBtorj motion of the whole solu* Hfitem— (pp. 13G — ISSuidnote). 
'Bu eslBte&ce of the law of grariUtion beyond our Holar ajnitem. The 
milky way of i(arB and. its conjectnied breaking up. Milky way of 
nebnlooe ^»tg, at rig^t angle« with that of the stara. Periods of rero- 
Intioni of bi-coloored doable atturs. Canopy of Btan ; opening« in the 
stallar stiatum. Hrenta in the imiTeise ; the apparition of new Btan. 
PTop«gatian of li^t, the Kpeot of the «ten; vwilt of the hearens con- 
^reya to the mind an. idea of inequality of ünic^(pp.lS9-l 46 and notes). 
n. Terreitriai portion oflhe Coamo» . . . .pp. 1*6-866 

a. Figure of the earth. Density, qoanti^ of heat, el«etro-magnetie 
tenüoD, and terrestrial light — (pp. 14S-19T and not«). Enowle^^e of 
die comprecdoii uiA currature of tlie «urth's Borfitce acquired by 
meaanrcmcntB of degrees, pendulum oscillations and certain fneqnv 
Eties in the moon's orbit Kean density of the earth. The earth'« 
orvst, and the depth to irtuch we are able to penetrate — (p. IGl note), 
Thxetv-fold morement of tjie heat of the earth ; ila thermic condition. 
Iätt of the increaw of heat with the iacrease of depth— (p. 162 and 
note). Hsgnetiam eleetrici^ in motion. Periodical rarlation of tcT- 
teatrial magnetism. D!startüjice of the regnlar conrse of the magnetJo 
needle. Magnetic stonnB; extension of their action. MuiifefrtatioDa 
of magnetic force on the earth's sur&ce presented nnder three classes of 
^enomena; viz.: lines of eqnal force (iaodynamii;) ; equal inclination 
^soclioic); and equal deriaüon (Isogonic). Position of the magnetio 
pole, Tta probable connection with the poles of cold. Change of all 
the magnetJc phenometia of the earth, ürection of magnetic obser- 
Tatories sijice 1823 j a fbr-extendlng net-work of magnetic stations — 
(p. 1 Si and note). Development of light at tiie magnetic poles ; terres- 
trial light as a conseqneace of the electro-magnetic activity of our 
planet. Elevation of polar light. Whether magnetic storms are ac- 
companied by noisel Connection of polar Hgbt (an electro-magnetic 
development of light) with the formation of cirrus clondB. Other 
ieotamplesof the generation of terreatria] light — (p. 197 and note). 

b. The vital activity of a planet manifested from within outward, 
the principal source of geognastic phenomena, Counectjon between 
.merely dynamic ccncnssions or the nphearal of whole portions of the 

earth's crast, accompanied fay the effusion of matter, and the gen» 
lation of gaseona and liquid nuida, of hot mud and fused euths, which 
■olidlfy into rocks. Volcanic action in the moat general conception ot 

. tbe idea, is the reaction of the interior of a planet on its outer surfiwe. 
Earthquakes. Extent of the circles of commotion and their gradual 
increase. Whether ^ero exists any connection between the changes in 
terrestrial magnetism and the prooeBses of the atmosphere. Moisos, 
Babterranean Üiim.der without any perceptible concussion. The rocfca 
which modify the propagation of the wave« of concussion. Upiiearals ; 

. eruption of water, hot Fdeam, mud mofette^ smoke and Same during uv 

■ Buuiquake — (pp. 197-2H and notas), 

e. Closer oonüderation of material produota a 
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CT tMädnlated), mod and molten earthg. Volcanoefi are a species of 
intemiittoDt Bpring:. Temperattu« of (hräma] apringB ; their constaacj* 
and change. Depth oF the foci— <pp. 21B-221 and nates). SoUes, 
mad-Tolttmoes. whilst fiie-emitting moantaim being sonrcea of moltea 
earths, produce volcanic roeka, spring water forms, by preciptlation, 
< iftraU of limestone. Continued generation of sedimenUij rocls — (pr 
226 and note). 

d. Dirersitj of voleanio elerations. Dome-like closed trachytio 
woiintains. Äctaal Tolcaooes which are Binned from caters of eleva- 
tion or among; the detritoB of Uieir original structure. Permanent con- 
nection of the interior of our earth with the atmosphere. Belation to 
certain rocks. Influence of the relations of height on the &eqnenc; 
of Uie erupuons. Height of the cone of cinders. Characteristics of 
those volcanoes which rise above the snowline. Columns of ashes and 
fire. Tolcanic etorm daring the eruption. Hineial cotnposiUon of 
laTRS — {p. 231 and notce). Distribution of Tolcanoea on the earth's 
mr&ce; central and linear volcanoes; insular and littoral volcanoes. 
Distance of volcanoes from the sea-coast. Extinction of volcanic forces 
—(p. 245 and notes). 

«. Eelation of volcanoes to the character of rocks. — Volcanic /orces 
form new rockM, and metamorphose the more ancient ones. The study 
of these relations leads by a double course to the mineral portion of 
geognosy, (the study of the textures and of the position of the earth's 
strata), and to the configuration of continenla and insular groups ele- 
vated above the level of the sea (the study of the geographical form 
and outlines of the diU'erent parts of the earth.) Classification of rocks 
according to the sc^e of the phenomena of stractore and metamorphoBis, 
which are still passing before our eyes. Bocks of emption, sedimcnlary 
rocks, changed (metamorphosed) rocks, conglomerates — compound rocks 
are definite associations of oiyctognostically simple fossils. There are 
four phases in the fonnative condition ; rocks of eruption, endogenous 
(granite, sienite, porphyry, greenstone, hypersthene, rock, euphotide, me- 
laphyte, basalt, atid phonoiithe) ; sedimeniaiy rocks (silurian schist, coal 
measures, lime stone, travertino, iirfusorial deposit); metamorphosed 
rock, which contains also together with the detritus of the rocks of 
emption and sedimentary rocks, the remains of gneiss, mica schist, and 
more ancient mctamorphic masses. Aggregate and sandstone forma- 
tions. The phenomenon of contact explained by the artificial imita- 
^on of minerals. EfTecta of pressure and the various rapidity of 
cooling. Origin of granular or saccharoidal marble, silicification of 
schist into ribbon jasper. Metamorphosis of calcareous marl into 
micaceoua schist through granite. Conversion of dolomite and gra- 
nite into ar^llaceoue schist, by eontact with basaltic and dolentia 
rocks. Pilling up of the veins from below. Processes of cemen- 
tation in agglomerate structures. Friction conglomerates— (p. 271 
and note). Belative age of rocks, chronometry of the earth's crust. 
Fossiliferons strata. Behitive age of o^puiuns. Simplicity of the first 
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TJUl forms. Dependence of phyaiological endnUiuu on tlie ige <tf th» 
farmaUone. Oeogn(»tte horizon, irhoBe careliil inTGstigation ma; jidd 
cert^n d&U regwling the identitj or the reUtiTe age of fonüUaki^ 
the periodic recarreace of certain strata, their panllelim), or tltdt total 
rappiesdoii. Types of the BediineDtaiy structarea conaidGied in UieiT 
lUD^ mmple and genera! chancters ; Blluriui and devanian fonnaüou 
(fanoeTl? hnawu as rocks of tranöticii); the lower trias (moimtain 
lime^toae, coal-measoreB, together with iodäiegcnde and zechstein); 
the npper tiioB (bnnter eandfitone, muachelkalk, and kenper) j Jui» lim«- 
eUuie (lias and oolite) ; &ee<loae, lowei and upper chalk, as the lost 
of the Bail strata, which be^u irith mountam limestone ; leiliaty 
foimationB in three diTiMons. vbich ore deeigiuited by gtamilar lime- 
gUme, lignite, and south apeuniue giavel — pp. 271-280. 

The faunas and floras of an earlier irorld, and Uieir Telationi to oziat- 
leg organisms. Coluesol bones of ant«diinvian mammali« in Uie upper 
alluTinm. Y^tation of an earlier world ; monDmenta of tlie iMtlTj 
o! its Tcgetation. The points at which certain vegatable gimtpc ftttain 
their mBjimoin; cycade» iu the keuper and lias, and e«n^em in the 
hunter sandstone. Lignite and coal measurea (amber-tree). DeposiÜon 
of large masses of rock; doubts regarding their orig^— p. 288 uid note. 

/. The knowledge of geognoetic epoch»— of the npheaTal of moontün 
chains and elevated plateaux, by which lands are both formed and 
destroyed, leads, by an internal causal conneetioil, to the distribalioa 
into solid! and Saids, and to the peculiarities in tiie natural eonflgura- 
tion of the earth's sur&cc. Eiisting »real relations of the solid to the 
fluid differ conddetabiy {ram those presented b; (he maps of the physi- 
cal portion of a more ancient geography. Importance of tbe eruption 
of quartiose porphyry with reference to tho then eiisting configoration 
of continental masses. Individiuil conformation in horizontal exten^on 
(relations of articulation), and in vertical elevation (hypsometrieal 
views). Infloence of the relations of tlie area of land and se» on the 
temperature, direction of the winds, abundance or scarcity of organic 
products, and on all meteorological processes collectively. DirecIJon 
of the m^or axes of continental massea AiticoUtion and pyramidal 
termination towards the south. Series of peninsulas. Valley-like 
fbrmatton of the Atlantic Ocean, Fonns ffhich fi^qnently recur— 
pp. 288-297 and notes. BamlGcations and systems of mounttun chuns, 
and the means of determining their relative ages. Attempts to deter- 
mine the centre of gravity of tjie volume of ^o lands upheaved above 
the level of the sea. The elevation of continents Is still progressing 
tdowly, and is being compensated for at eome definite points by a per- 
ceptible sinking. All geognostio phenomena indicato a periodical 
alternation of activity in the interior of our planet. Probability of new 
elevations of ridges — pp. 297-306 and notes. 

g. The solid snrf^ of the earth has two enrelopes, one liquid, and tli« 
otlier aeriform. Contrasts and analogies which these envelopes — the sea 
and the atmosphere — present in their conditions of aggregation and elec- 
tricity, and in their relations of currents and (empeiatare. Depths of the 
OCMU and of the atmosphere, the shoals of which constitute our highland« 
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ukdmamitiüiicbaiai. ThedegreeorhMlBtthegnrhceof theReaindiOo- 

TsntMitndea and in the loirer etiBls. Tendency of the aet to msintüa 
Uie temperature of the snrfiice in th« strata neareat to Uie atmoepher^ 
in ooDwquGQce of the mobilit; of lis particlee, and the alteraüoa in id 
densit;. Maximum of the deneit; of aalt water. Poaition of the zoocb 
of the hottest vat«r, and of thoee having the greakst saline contents- 
Thermic influence of the lower polar current and the countar-correnta 
in the stndta of the e«a — pp. 306-309 and notes. General level of the 
eea, and permanent local dlaturbances of equilibrium; the periodic 
dilturliaaces maniftaled aa tides. Oceanic currento ; the equalcrial or 
rotation current, the Atlantic warm Gulf.fltream, and the further im- 
pnlse which it receirea; the cald Peruvian stream in tlie eastern portion 
of (lie Pacific Ocean of the southern loue. Temperature of ahoals. The 
universal diffiiaion of life in the ocean. Infiuence of the small sub- 
marine sjlvan regiOQ at the bottom of beds of rooted aigie, or oa 
far-extending floating layers of fucuB — pp. 309-316 and notes. 

h. The gaaeoua envelope of our planet, the atmosphere. Chemical 
compoeition of the atmoephcre, its tiansparency, its polarisation, prea- 
•ure, temperature, humiditj, and electric tcnüon. Relation of oiygen 
to nitrogen; unount of carbonic acid; cu-bnretted hydrogeni ammo- 
niacal vapoun. Hiasnutta. Begntac (horaiy) changes in the pres- 
sure of the atmosphere. Mean barometrical height at the level of 
Che sea in diOerent zones of the earth. Isobaromelrical currea. Baro- 
metrical windioses. law of rotation of the winds, and its importance 
with reference to the knowledge of manj meteorological processes. 
I^nd and sea winds, trade winds and monaoons^pp. 316-322. CUmatJa 
di^trihution of heat in the atmosphere, as the efiect of the relaüre posi- 
tion of tranapaient and opaque masses, (fluid and solid superficial area,) 
and of the hypsometrica! configuration of continents. Curvatiu^ of the 
isothermal lines in a horizontal and vertical direction, ou the earth's sor- 
fiuic and in the superimposed strata of air. Couvezity and concavity of 
the isothermal lines. Mean heat of the year, seasons, months, and days. 
Xunmeration of the causea which produce disturbances in the form of 
the isothcnnal lines, i. e. their deviation from the position of the geogra- 
phical paiallels. Isochimenal and ipotheral lines are the lines of equal 
winter and summer heat Causes which raise or lower the temperature. 
Badiation of the earth'a sur^e according (o its inclination, coioar, 
den^ty, dryness, and chemical compositiou. The form of the cloud 
which aunouncea what is passing in tie upper strata of the atmosphere 
is the image of the strongly radiating ground projected on a hot sum- 
mer sty. Contrast between an insular or littoral climate, such as ia 
experienced by all deeply-Brticulat«d continents, and the climate of the 
interior of largo tracts of land. East and west coasts. Biflerence be- 
tween the soatbem and northern hemispheres. Thermal scales of cqIÜ- 
vated plants, going down from the vanilla, cacoa, and musaceie, to citrons, 
and olives, and to vines yielding potable wines. The influcuce whicli 
theae scales exercise on the geographical distribution of cultivated planta- 
Tha favourable ripening and the immaturity of fruits are cssentiaily influ- 
enced by the difference In the action of direct or scattered light in » 
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stjuujlry. [ix] 

dear sky, or in one orercaat with mist Genera! iommaij of the cansM 
vhich yield a more genial climate to the greater portion of Enrope 
eoosidered as the weetem peninauls of Asia — p. S8S. Detenoination 
of UiB cbangea in the mean annual and anmmer tempetsture, irhich 
correapoad to one degree of geognphical liUJtnde, Eqnalit; of the 
mean temperatnre of a moontain station, and of the polar diattmce of 
anj point lying at the tevel of the sea. Decrease of temperature vitli 
the decreme in elevation. Limits oC perpettial bhow, and the floctoa- 
tions in these limits. Caoses of disturbanee ia the re$;nlarit; of the 
phenomenon, Northern and southern clialnB of the Himalaja; habita- 
bilitj of the elevated plateaai of Thibel^p. 338. Qoantitr of moigtace 
in the atmosphere according (o the hours of the day, the sessona of the 
year, degrees of latitade, and elevation. Greatest dryne^B of üie atmo- 
Hphere observed in Northern Asia betiveen the river districta of the 
Irtyech and the Obi. Dew, a consequence of ladialion. Quantity of 
tain — p. 842. Electricity of the atmosphere, and disturbance of the 
electric tension. Geogruphical dialribntion of stotmg. Predetermina- 
tion of atmospbeiic changes. The most important climatic disturbtmces 
cannot be Ij'aced at the place of observation to any local cau«e, but are 
rather the consequence of some occurrence by which the equilibrium in the 
atmospheric currents has been destroyed at some conidderahle distance, 
1. Hij^cal geography is not limited to elementary inorganic terres- 
trial life, but, elevated to a higher point of view, it embraces the sphere 
of oi^fanic life, sad the nnmerous gradations of its typical development. 
Animal and vegetable life. General difiiision of life in the sea and on 
the land ; microscopic vital forms discovered in the polar ico nn less than 
in the depths of the ocean within the tropics. Ezteasion imparted to the 
horizon of life by Ehrenberg'a discoveries. EaCimation of the mass 
(volume) of animal and vegetable organisms -pp. 8iT-S56, Geography 
of plants and animals. MigratToas of organisms In the ovnm, or 1^ 
means of organs capable of spontaneous motion. Spheres of distribution 
depending on climatic relations. Regions of vegetation, and classification 
of the genera of animals. Isolated and social Uving plants and animals. 
The character of Soros and bunas is not determined so much by the 
predominance of separate families in certain parallels of latitude as by 
the highly complicated relations of the association of many families, and 
the relative numerical value of their species. The forms of natunil 
families which increase or decrease tromtheequatorto the polos. Invea- 
tigations into the numerical relation existing in difi^rent districts of the 
eüth between each one of the large ßunilies to the whole mass of phane- 
rogamia — pp. 3Sfl-SeO. The human race considered accordiag to Itt 
physical grädations, and the geographical distribution of its simnltane- 
ously occurring types. Races and varieties. All races of men are forma 
of one single species. Unity of the human race. Languages considered 
as tbe intellectual creations of mankind, or as portions of the history of 
mental activity manifest a character of nationality, although certain his- 
torical occurrences have been the means of di&iising idioms of the 
same family of languages amongst nations of wholly diSerent descent — 
pp. 360-369. 
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IJTTRODUCTION. 



REFLECTIONS ON THE DIFFERENT DEGREES OF ENJOY. 
MENT PRESENTED TO US BY THE ASPECT OF NATUfLE, 
AND THE STUDY OF HER LAWS. 

Iff attemptii^, after a long absence from my native countrj', 
to develope the physical phenomena of the globe, and the 
simultaneous action of the forces that pervade the regions of 
space, I experience a twofold cause of anxiety. The subject 
before me ig so inexhaustible and so varied, that I fear either 
to fidl into the superficiality of the encycloptedist, or to weary 
the mind of my reader by aphoriams consisting of mere gene- 
ralities cloüied in dry and dogmatical formB. Undue concise- 
ness ofl^n checks the flow of expression, whilst diSiiseness is 
alike detrimental to a clear and precise exposition of our ideas. 
Nature is a &ee doniain ; and the profound conceptions and 
enjoyments she awakens within us can only be vividly deli- 
neated by thought clothed in exalted forms of speech, worthy 
of bearing witness to the majesty and greatness of the creation. 
In considerh^ the study of pnysical phenomena, not merely 
in its bearings on the material wants of life, but Id its general 
influence on the intellectual advancement of mankind, we 
find its noblest and most important result to be a knowledge 
of the chain of connection, bywhich all natural forces are linked 
together, and made mutually dependent upon each other ; and 
it is the perception of these relations that exaHs our views 
and ennobles our enjoyments. Such a result can, however 
only be reaped as the fruit of observation and intellect, com- 
bined vrith the E^irit of the age, in vrhich ate reflected all 
the varied phases of thought. He who can trace, through 
by'^ono times, die stream of onr knowledge to its primitive 
■ource, will learn from history how, for thousands of years, man 
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has laboured, amid the ever-recurring changes of Ebrm, to 
rect^uise the invariability of natural laws, and hai thus by 
the force of mind gradually subdued a great portion of the phy- 
sical world to his dominion. In interrogating the histo^ of 
the past^ we trace the mysterious course of ideas yielding the 
first glimmering perception of the some image of a Ckumos, 
or hümoniously ordered whole, which, dimly shadowed forth 
to the human mind in the primitiTe ages of the world, is now 
fully revenJcd to the maturer intellect of mankind as the 
neult of long and hiborious obserratioa. 

Each of these epochs of the coat«m}^atioD of the external 
world — the earliest dawn of thought, and the advanced stage 
of civilisation — has its own source of enjoyment. In the 
former, this enjoyment, in accordance with the simplicity 
of the primitive ages, flowed from an intuitive feeling of 
the order that was proclaimed by the invariable and sue- 
eessive re-appearance of the heavenly bodies, and by the 

E:ogre8Sive development of organised beings ; v^iilst in the 
ttcr, this sense of enjoyment springs horn a definite know- 
ledge of the phenomena of nature. When man began to 
interrogate nature, and, not content with observing, learnt 
to evoke phenomena under definite conditions ; when once he 
sought to collect and reccffd ßtcia, in ordrar that the fruit of 
his labours might aid investigation after his own brief exist- 
^tce had passed away, the phiUaaphj/ of Nature cast aside the 
vague and poetic garb in which she had been enveloped from 
her origin, and having assumed a severer aspect, she now 
iveighs the value of observatioas, and sid)stitutes induction 
and reasoning £» oonjectiire and assumption. The dogmas 
of fbiTuer ages survive now only in the superstitious of the 
people and the prejudices of the ignorant, or are perpetuated 
m a fbw systems, which, conaoious of their i^akness, ehro«d 
themselves in a veil of mystery. We may also trace the same 
primitive intuitioos in. languages exuberant in figurative 
expressions ; and a few of the best chosen symbols engendered 
by the happy inspiration of the eaHiest ages, having by 
decrees lost titeir vagueness through a better mode of inter. 
pretation, are still preserved amongst our scientific terms. 

Nature considered ra^onally, that is to say, submitted to 
the process of thoi^ht, is a unity in diversity of phenomena ; 
K harmony, blending together all created things, however di»- 
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iSTÄonrcTioN. 3 

alBÜlnr is fona and attribates; one great wbole {ri in») j 
Animated bj die breatk of lue. The moert important resolt ! 
of a rational inquiry into nature is, therefore, to establish. 
Ae unity and harmony of this stupendous mass of force and 
Blatter, to determine with impartial justioe what is due to the 
discoveries of the past and to those of the present, and to 
unlyse the individual parts of natural phenomena without 
Roccumbing beneath the weight of the whole. Thus, end 
thus altme, Is it permitted to man, while mindAil of the hi^ 
destiny of his lace, to comprehend nature, to lift the veil tfiit 
, shroods her phenomena, and, as it wtre, submit the results 
oi obserratioa to the test of reason and of intellect. 

In reflectii^ upoD the different degrees of «joyment piB- 
sented to OS in the contemplatioD of nature, we find that the 
first place must be assigned to a sensation, whidi is wholfy 
independent c^ an intimate acquuntance with the physical 
^lenomena presented to onr view, or nf t^ pecuhar cha- 
racter of the regioji surrounding ns. In the aniftHTn plaiD . 
bounded only by a dktant horizon, vrtiere the lowly heather, the , 
cistns, or waving grasses, deck the soil ; on the ocean shore, 
where the waves, softly rippling over the beach, leave a track, / 
green with the weeds of the sea ; ererywhere, the mind > ' 
IS penetrated by the same sense rf the grandeur and vast [ ; 
expanse of nature, revealing to the bouT, by a myst«rions 
ittstaration, tlie existence cJ taws that regulate the 6aces of i ^ 
tite universe. Mere communion with nature, mere contact ^' 
with, the &ee air, exercise a soothing yet strengthening infln. 
eBce on the wearied spirit, calm Üie storm of passion, and 
■often the heart when shaken by sorrow to its inmost depths. 
Ererywhere, in every region of the globe, in every stage of 
inteliectual culture, the same sources of enjoyment are alike 
TonudiBafed to man. lite earnest and solemn utou^ts awakened 
W a oommunion with natare intuitively arise from a presen- 
timent of the order and harmony pervading the whole tmi- 
verse, and fivim the contrast we draw between the 'narrow 
units of our own existence and the image of infinity revealed 
OB every side, whether we look upwards to the starry vault 
of heaven, scan Hie ßir-stretching jüaia before us, or seek to 
fa»oe the dim horizon across the vast expanse of ocean. 

The eontemphttic« oS the individual charaetnilftics of iLe ' ^ 
landscape, and of tbe coofbrmaticn of the land in mnj defimto 
b2 
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region of tlie earQi, gives rise to a difibreat source of enjoy* 
ment, awakening impresüons that are more vivid, better 
defined,- and more congenial to certain phases of the mind, 
than those of which we have already spoken. At one time 
the heart is stirred by a sense of the grandeur of the fecc of 
nature, by the strifb of the elements, or, as in Northern Asia, 
by the aspect of the dreary barrenness of the fer-sti-etphii^ 
steppes ; at another time, softer emotions are excited by the 
contemplation of rich hflj^ests wrested by the hand of man 
from the wild fertility of n&ture, or by me sight of human 
habitationB raised beside some wild and foaming torrent. 
Here I regard less &e degree of intensity, than the difference 
existing in the Tarious sensations that derive their diarm and 
permanence irom the peculiar character of the scene. 

If I might be allowed to abandon myself to the recollec- 
tions of my own distant travels, I would instance, among the 
most striking scenes of nature, the calm sublimity of a tropical 
night, when Üie stars, not sparkling, as in our northern skies, 
shed their soft and planetary light, over the gently-heaving 
ocean ; — or I would recall the deep vaUeye of äe Cordilleras. 
where the tall and slender palms pierce the leafy veU. arowid 
them, and waving on high their feathery and arrow-like 
branches, fonn, as it were, " a forest above a forest ;" * or I 
would describe üie summit of the Peak of Teneriffe, when a 
horizontal layer of elands, dnaaling in whiteness, has separated 
the cone of cinders from the plam below, and suddenly the 
ascending current pierces the cloudy veil, so that the eye of 
the traveller may range from the brink of the crater, along the 
vine'Clod dopes of Orotava, to the orange-gardens and banana- 
groves that skirt the shore. In scenes like these, it is not the 
peaceful charm uniformly spread over the &ce of nature that 
moves the heart, but rather the peculiar physiognomy and con- 
fbrmation of the land, the features of the landscape, the ever- 
varying outline of the clouds, and their blending with the 
horizon of the sea, whether it lies spread before us Uke a 
smooth and shining miiror, or is dimly seen through the 
morning mist. All that the senses can but imperfectly com- 
prehend, all that is most awAd in such romantic scenes <^ 
nature, may become a source of enjoyment to man, by open- 

* llib ezpresüoD ii taken from a beautiful ducription of tnlpiol 
fnett Ksoei; in PmJ a»i Virfinia, ij Bemanlin d» Saint ncm. 
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IHTBODUCTIOir. 



isg a wide field to the creative powers of his intagination. 

Impressions change with the vaiyirg movements of the mind, i > 

and we are led 1^ a happy illusion to believe that we receivo- I 

from the external world that with which we have ourselves I 



When ihr from our native country, after a long voyage, wo 
tread for the first time the soil of a tropical land, we esperi- 
enee a certain feeling of surprise and gratification in recog- 
nising, in the rocks that suTTOundus, the same inclined schistose 
strata, and the same columnar basalt covered with cellular 
am^daloids, that we had left in Europe, and whose identity 
of character, in latitudes so widely different, reminds us, that 
lie solidification of the earth's crust is altogether independent , 
of climatic inüuences. But these rocky masses of schist and of 
basalt are covei-ed with vegetation of a character with which 
we are unacquainted, and of a physiognomy wholly unknown \ 
to us ; and it is then, amid the colossal and majestic forms of t 
an exotic flora, that we feel how wonderfully the flexibility of ) 
our nature fits us to receive new impressions, linked together ! 
by a certain secret analogy. We so readily perceive »he i 
affinity existing amoi^t aU the forms of ot^anic life, that 
although tte sight of a vegetation similar to that of our 
native country might at first bo most welcome to the eye, as 
the sweet femiliar sounds of our mother tongue are to the ear, 
we nevertheless, by degiees, and almost imperceptibly, become 
familiarised with a new home and a ntw chmate. As a true 
citizen of the world, man everywhere habituates himself to 
that which surrounds him ; yet fearful, as it were, of breaking ■ 
the links of association that bind him to the home of his child- 
hood, the colonist applies to some few plants in a &r distant 
clime the names he had been tänüliar with in his native land ; 
and by the mysterious relations existing amongst aU types of 
organisation, the forms of exotic vegetation present them- 
selves to his mind as nobler and more perfect developments of 
those he had loved in earlier days. Thus do tlie spontaneous 
impressiona of the untutored mind lead, like the laborious 
deductions of cultivated intellect, to the same intimate per- 
suasion, that one sole and indissoluble chain binds together all 
nature. 

It may seem a rash attempt to endeavour to separate, into its 
different elements, the magic power exercised upon our minds 
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tiTiliepliyücalwodd,BiBeetIie character of iJie laitdacape, aad 
u every ivtpoBing scene ia n&ture, depends so matraially upon 
dw mutual idaticm oT the ideas and aentimentB simiiltaiieously 
exoited in the mind of tiie observer. 

The powerful effect exercised by nat'ire springs, as it were, 
ftom tlie G(»mecti(Hi and unity of toe inanessums &nd emotions 
prodnoed ; and we can cmly trace äteir diSbrent Bouroes by 
analysing the iadividaality of ot^ects, and the diverüty of 
fbnjM. 

The ripest and most varied elements for pursuing an 
analjws of this natdie present themselyes to the e^ of 
dte traveUcT in the Beeneiy of Bonthem Asia, in the Great 
Indiiua Ardiipdago, and more eapeoially, too, in the Kcw 
Continent, where the summits of the lofty, Cordilleras pene- 
tnte the confines of the aerial ocean surrounding our globe, 
and where the same subteiTanean £]rces that once raised these 
mountain chains, still sh^ie them to theii foundation '«"|^ 
threat^i their down&ll. 

Graphic delineations of nature, arranged according to sys- 
tematic Tiewe, are not only suited to please the imagination, 
bat may also, when properly considered, indicate the grades 
<tf the impressions of whiuL I have spoken, from the uni- 
formity oi the sea-dtore, or the barren st^^ies of Siberia, to 
the inexhauBtiUe fertility of the torrid zone. If we were 
even to picture to ourselvee Uount Pilatus placed on the 
Sohreckhom,* or the Schneekoppe of Silesia od Mont Blanc, 

* Tleae comparisons nre only spjiroiimBtiTe. Hie several devaüom 
■bore the leTel of the aea are, in accoraCe namberg, na fidlows : — 

Tbe Sckaeeliappe or KcHnkoppei in Silesiit, about &,270 tnt, acoord- 
ii« to HalUscbka. Tbe Rjgbi 5,902 feet, Uldng the heighC of tbe Lalw 
ot Lucerne *t 1426 feet, according to Eicbmon. (See Coiapte Rendu da 
Jteiuret Trigonomdiriqua mSmae, 1340, p. Z30.) Mount Atbos 6,775 
ftet, according to Captain Gsultier; Mount Pilatsa 7,546 feet; Mount 
Etna 10,871 feet, according to Captain Smyth ; ax 10,S74 feet, accordiag 
to tbe barometrical nteasarement made by E^r Joba Heracbel, and ana- 
Dnmirated to me in writing in t82iS, and 10,899 feet, according to 
angles of altitude taken by Cscciatore at Palermo (calcolsCed, b^ asmiming 
the tfirreatrial refraction to be 0-076); the Schreckhom 12,383 feeti the 
Jsngfrau 13,720 feet, according to Trallea i Mont Blanc 15,775 feet, 
according to the different measnrementi considered by Roger {Bihl. 
JJaie., May, 1828, pp. 24—53), 15,733 feet, according to the meaannnnenta 
t^en from Mount Columbier by Carlini, in I82I, aod 15,748 feet, u 
iMtsared%ÜwAnstrian anfioeos fromTnlod tndthe Gltder d'Anbia. 
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we AonU Bot have attttined te tiie height of Ümt great Colas' - 
BUS «f ik» fn»**», the Chimborazo, whose height is twice that 
<tf UonBtBlma; and we muit pile the Righi, or Mount Atho«, 
OB the tmaxoA of tk Gfaüböraa*, in twder to fbrm a juet 
estimaite of t^ Aratiaa of ihe läkawalagiri, the higheet ptunt 

Tfae wtnd hfligh cf Ae S«iH momtuBi flactaitn, aeeording to 
Bt^Mom't etaemtilntl, *■ nnch lU 25 Engliih feet, owiag to the Tarjiog 
tyiiliiiiiin of the ibatrnm sf mow that coven the aomniiU. Chimbonuo 
b, acDordiBg to my «rigoBometnol meuarenteDts, 21,421 feet, (tee Hum. 
boUt, ÜMVcJl ffObt.Attr., tome i., p. 73), uid DEiawali^ 2S,074 
feet. A> there is «d U ferenm of 445 feet beCireeD the determinstioTis of 
BUe and Webfc, the elentioa uaigiied to Ae Dhamlagiri, (or «bite 
MtaatBB fraia the Sanscrit dhaaida, wl^te, md ;tri, moUDtmn), canoot 
be iMSned «ith the mne confidence aa that of the Javahir- 23.749 feet, 
n>oe tke latter rerts ob a complete tijgoaametrical meunrement, (lea 
Herbert and Hodgson k VbeAaat.Ra., toI. lir., p. 189, and Snfipl. to 
Sujrd. Brit, vol. n., p. 643.) I hire shown elsewhere {Ann. da 
Beitnet» Natar^lf. Han. 1B25,) dut the heif^t of the Dhawaiagiij 
(18,074 feet) ds p gifc on seraral elemeDU that haTe not been ascerlaiDed 
intk oertaintf , as idmiatha and latitude!, (Uamboldt, .^im Ctatralt. t. iä^ 
p. 282). It ha* been bslisrad, bat without fbaudation, that in the Tar. 
tacic cbain, north of Thibet, oppoiite to the chain of Konen-lun, there 
are «leial mow; mrnmiti, whose elevation is about 30.006 English 
feet, (almort twice tlurt: of Mont Bbnc,) or, at an? rate, 29,000 feet, (see 
Captain Alexander Gerard's and John Gerard's j'awnei'ta ike Jluorntdto 
Pox, 1840. vol. i., pp. 143 and 311). ChimbOTazo is spoken of in the 
text only aa on« of the highest snnmita of the disin of Ute Andes ; for in 
the yesT I8t7. the learned and highly gifted tr»eller, Pantland, in his 
mamiR^te ^(edition to Upper Peru (BoHvia). meaanred the elentitaof 
two manntaini sitDsted to the east ctf Lake Titicaca, vii., the Santa 
26,S0e fset, and the lUimani 24,000 feat, both greatly exceeding Che 
haigfat otCfaimbanio, «Uah is only 11,421 feet, and bang nearly eqasi in 
elenrtion to the Jawahir, whioh is the higbnt moantsin in the Himalaya, 
that hM as yet been aoEWvtely meamiTid. Thus Mont Blanc is 5,646 
fM bttow ChtmbmiO) Chimboran) 3,779 feet behiw the Sarsta; the 
SoroCa 549 fset below the Jawahir, and probably abonC 2,880 feet bdow 
the Dtiawalsgiri. Accordii^ to a new meamrement of the Illimani, by 
PsDtland, in 1838, the eleration of tiiis mountain is giren at 23,868 teet, 
varjing oaly 133 feet from the measoiement tsken in 1827. Ilia 

nwrnbers have Iwen intTodDoed inis mai^ naps and tables recently pnb-. 
Udiedi owing to incorrect rednetians of die meawremoita. 

[In the preceding note, taken from Choee appended to tlw Intnidnetion 
ia tlie Prökch "nranslatien, rawiäten by Uomboldt himself, the measore. 
BCBti are given in metrei, bnt these have been coDverted into English feet 
for the graater oanTeniaaoe of tke gmcnl reader.] — IV. 



DyGoogle 



I of the Himalaya. Butalihough themounfainaof tidiagreaüy 
I surpass the Cordilleras of South America, by their astonishing 
i eleyation, (which after being long contested has at last been 
I oonflrmed by accurate meaBurementa,) they cannot, from their 
J geographical position, present the same inexhaustible variety 
: of phenomena by which the latter are characterised. The 
i impreeaion produced by the grander aspecta'of nature doe« 
not depend exclusively on height. The diain of the Himalaya 
is placed &r beyond die limits of the torrid zone, and scarcely 
is a solitary p^m-tree to be found in the beautiful valleys 
of Kumaoun and GarhwaL* On the southern slope of the 
ancient Faropamisus, in the latitudes of 28° and 34°, nature 
no longer displays the same abundance of tree-ferns, and 
arborescent grasses, heliconias aad orchideous plants, which 
in tropical regions are to be found even on the highest plateaux 
of the mountains. On tlie slope of the Himalaya, under the 
shade of the Deodora and the broad-leaved oat, peculiar to 
these Indian Alps, the rocks of granite and of mica schist are 
covered with vegetable forma, ahnost similar to those which 
characterise Europe and Northern Asia. Ite species are not 
identical, but closely analogous in aspect and phyaii^pomy, aa 
for instance, the juniper, the alpine birch, the gentian, the 
marsh pamassia, and the prickly species of Ribes.t Tlie 

* The ebsence of palmi and tree-fema on the temperate slopes of the 
HimaUja is shovn in Don's Flora Ntpaletuu, 1825, sad in the remirk- 
abte^ seriei of lithographs of Wallich'a Flora Irtdica, »hose cat^iogae 
COnUins the enormous numher of 7,6S3 Himalaja species, almost all 
pbanero|unic plants, which have as yet bc«n but imperfect); clHsaified. 
In Nepaul (lat. 25^° to 27^°) there has hitherto been obserred oply ooe 
flpeciesof palm,Chamcerops msitiana, Wall. (Planta AiUit., hb. iii,,pp.5, 
211), which is found at the height of 5,230 English feet abOTB the ierel 
oF the sea, in the shady valley of Bniupa. The magoificcDt tree-fern, 
Akophila branoniana. Wall, (of which a stem 4S feet long has been in the 
poasession of the British Musenm since 1831) does not groir in Nepaul, 
but is found on the mountains of Silhet, to the north-vest of Calcutta, 
in Ut. 24° SO*. The Nepaul fem, Paranma cjathöides, Don, formerly 
known aa Spharoptera barbata, Wall. (Piande Aaiat. , lib. i., pp. 42, 48) is, 
indeed, nearly related to Cjatliea, a species of which I hate seen in 
the Soath American Misaions of Caripe, measurinii 33 feet in height; thii 
is not, however, property speaking, a tree. 

t lUhes nnbicoU, R. glaciate, R. grossolaria. The species which 
eomposa the vegetation of the Himalaya aie four pines, notwithstanding 
tbe assertion of the nucieDts reguiHng Eastern Asia (Strsbo, Ub. II, 



DyGoogle 



IMTBODITCIIOX. g 

chain of the Uiroalaya is also wantii^ in the imposing pheno- \ 
mena of Tolcanoes, which in the Andes and m the Indiaa j 
Archipekgo often reveal to the Inhabitants, under the most ! 
terrific forms, the existence of the forces pervading the interior / 
of our planet. ' 

Moreover, on the BOulhem declivity of the Himalaya, whwe 
the ascending cuirent deposits the exhalations rising &om a 
vigorous IncUan vegetation, the region of perpeti^ snow 
h^ns at an elevation of 11,000 or 12,000 feet above'the 
level of the sea,* thus setting a limit to the development of 

p. 510, Cu.), twenty-flye oaks, four birche*, two ehesnuta, secen maplei, 
twelve willowa, faarMea roses, three epecies of strawberry, EeT^n speciet 
of Alpine loaea [rhadodtndraj, one of wbich attaiiiB a height of 20 feet, 
and inanj other northern genera. Lar^ white apea, having black face», 
inhabit the wild che^nnt-tree of Kashmir, which grows to a height of 
100 feet, io lat. 33° (see Carl Von Hügel's Kaechmir, 1840, 2nd pt., 
i49.) Among the conifsm, we find the Pinua deodwara, or deodnra (in 
Sanacrit, d(mi-daru—-tb.e timber of the gods), which ia nearly allied to 
PinuB cedrus. Near the limit of perpetnil snow, flosrish the large and 
ahowj Powers of the Gealiaaa venuita, G. Moorcroftiana, Swertis pur- 
pnrBBceng, S. apeciosa, Parnaasia snnata, P. nnbicola, Poeooia Emodi, 
Tulipa it^aCs ; and, besides varieties of European genera pecuHat to these 
Indian mountaio«, trne European species, as Leontodon taraiacnm, Pra- 
netla vulgaris, Gahom aparine, and Thkipi arvense. The heath men- 
tioned by Saunders, inTuraer'a IVoeeii, and which had been oonfonnded 
with CaUuna vulgaris, is an Andromeda, a fact of the graatest importance 
in the geography of Asiatic plants. If I hare made use, in this work, of 
the anphilosophical eipresaiona of European genera, Btirapean specie«, 
grmeing mild in Atia, &c., it has been in consequence of the old botanical 
language, which instead of the idea of a large lÜsaeminatioo, or rather of 
the co-eiistence of organic prodnctioos, has dogmatically aubstituted the 
false hypothesis of a migratioo, which from predilection for Enrope, is 
fartber assumed to have been from west to east. 

* On the louthem declivity of lbs Himalaya, theUmit of perpetaal snow 
is 12,978 feet above the level of the aea ; on the northern declivity, or 
rather on the peaks vbieh rise above the Thibet, or Tartarian plateau, 
this limit ia at 16.625 feet from 30i° to 32° of latitude, whilst at the 
equator, in the Aodea of Qnito. it ia 15.790 teet. Such is the result I 
have deduced from the combination of numeroaa data famished by 
Webb, Gerard. Herbert, and Moorcroft. (See my two memoirs on the 
moantaina of India, in 1816 and I8m,in the Xnn. de Chimie el de Phy. 
ngue, t. iii. p. 3011, t. liv. pp. 6, 22, 50.) The greater elevaüon to which 
the limit of perpetual bdow recedes on the Tartarian declivity is owing to 
the radiation of heat from the neighbouring elevated plaina, to the purity 
of the »tmoaphete, and to the infrequent formation of snow in an air 
which is both very cold and very dry. (Hnmboidt, Aäie Centrale, U m. 
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atguäc li& in « sone Üiai h nearly 3060 feet lower Üiam. 
: tbat to which it atteins in the eqainocttal region of the Cor- 
i/ diUeras. 

Bat the cooatnes bordenag en üie eqn&tor posaeea KooUier 

pp. 281-326.) Mj npinLiDoii the difference of height of the uioir-Iiae on 
Öe two ndei of the HimalifB has Uie high anChorit j of Colebmoke in iu 
6no«r. Eb wrot« (o me in Jime, 1624, as (bllciws : — " I also find, from 
the data in my poBKSwn, tiiot aw eieratioB of flie line of perpetual Bnow 
is 13,1KI0 feet. On the sonthein decliciCy, and at lot. 31°, Webb'i mea- 
nrenents give me 13.500 feet, ciHiaeqnentl; 550 feat mo» than the 
hnght dedoced fnnn Captain Hogdson's obserrationg. Gerard's mea. 
■oTMunta fnl^ coniiria joar ^liiiiaa tlut the Ubc of atom is higher on 
the DOrtitem than on the souuiem öde *' It ma not nntil the prcBCDt 
Tcu (1840) that «e obtaiaed the eomplete end coUeeted jomraal of the 
brathera Genu-d, pnbliahed ander tiie Buperrision tt Hr. Llofd. {Nam- 
tive qf a Joumeji Jrom Cmoiipoer to tht Boortftd» Pau, in the BttHoiajta, 
ig (äp/aiii Alexaadtr Gerard and Join Gtrard, tdittd ty Otfri/t Ueyd, 
V«L i- pp- 391, 311, 326, 327, and 341.) Mo^ intereotiag details re- 
girding some bcahCiea may be found in tbn aamtiTe of A ntii to lie 
Siataai,Jbr thipurpoie ^determaant tke tint ^ perpttutU mune ontMe 
ta^hernfaei qf tkt HimaUtga, m Augtat, tS22. Unfortunatelj;, hi». 
erer, th«e travellen almja coBfound the elevation at «tiich ipondic 
toon falls, with the mioiBiam of the height that the snow-line attains OQ 
the Thibedan plateau. Captain Geiscd distingaisbes brtween the tnUBUa 
that rise in the middle oS tlie j^iteaa, where he Mates tta elenddim af the 
(BDw-line to be betweea 1S,0M and 19.IU4 feat, and the northen bI(^ 
of the chain of the Himalaja, wtuch border on tiie defile of the SntMge, 
and can radiate but little heat, mmf to Ike deep ntiues with which they 
ore intersected. The eleration of tiie Tillage of Tangno is gimi tt only 9300 
feet, while that of the plateau lumrandiDg be sacred lakaof Manasa is 1 7 ,eM 
itet. Captain Gerard &nds the snow-line hM feet knrer on tlie northoR 
•k^)ea, «here the chain of the HiiBBlaya is broken through, Aan towards 
the ooDtbeni dedhrities being Uindoatan, and he tlicre estimates the line of 
nnpetaal snowat 1S,000 fert. The most striking fSerencee an presented 
betweei the legetatioD on the lUbetian plateon, and that oharacteristic 
of the soDthern slopes of the Himalaya. On the Mter the cuitnation 
of frain is arrested at 9974 feet, and eren there the com tios often to 
be cut when the Uades are still green. The extreme hmit of forota 
of tall oaka and deodon is 11,960 feet { that of dwaif birches ]2,9B3 
bet. On the plains. Captain Gerard finmd pastures np to th» 
height of 17,000 Üset; the cereals will grow at 14,100 feet, or eren at 
lg,S40 feet ; birdies with tall stems at 14,100 feet, and copse or brosh- 
wood applicable for fad is found at an deration of upwards of 17,000 
fset, that is to say, 1280 feat abore the lower limits of the snow-line at the 
eqnalor, in the pnmooe of Qoito. It is tery desirable that the miMit 
deration of Die TUbetian plateau, whidi I baie estimated at only about 
8200 feet betveea the mmalaya and the Konen-Lun, and the diSerenco In 
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adnnl^e, to which miiBcimt attention bu not Htiierto been , 
directed. This portioD of the surface of the g^be aflbrds in ' 
the smallest apace the greatest poaeiUe variety of impreseiune j 
team, the contesplatioa ttf notm«, Awyig the oslosml nmattr ' 

fte bdght of tbe Sue of perpetual mow on the wnthern sod on the 
BHthera itopm of Oe Hlmdaja, «hODU be (tgnn iavestigated bj tn- 
tbHhs «ho ue (cooitonied to jadge (rf aw fenand canSHmation of the 
hod. Hitherto riKfde calenlrtio»» here teo oftan haea onnfoaDded with 
■ctaal measnremciitfl, and the eleratLoiu of isoUtad attTwnJta with thiit of 
flke sarrouBdiDg platean. (Compare Carl Zimivermaa's eiceUent Uypaa- 
metrical Remariis in hie GfograpAüeien Anulyie der Karte con /uRor 
Alien, 1141, e. 98.) Lord dnwa attention to the difference presented by 
the two fiues of t^e Hinudiyi and thoaa of the Alpine chain of Hindoo- 
Coodi, with leipeot to the hniita of the enow-liue. " Ibit latter chun," 
he aaya, " has the tahle-land to the loiiüi, in conaaqoence of which tb* 
■now -line is higher on the soHthem aide, contnry to what we find Co be the 
case with respect to the Himalaya, which is bounded on the south b; ahel- 
tned plains, ss Hiadoo-Coosb isontheeorth." It must, however, be ad- 
mitted thattbehyptonetriod data, sn which thesd statements are based, re- 
qnfae ■ critical revision with r^ard to several of their details; batstiil tbef 
Boffice to estabhsh the main &ct, that the remarkable confifiirB^n of the 
laud in Central Asia affords man all äut is essential to the mainteoaoce of 
fife, as habitatioa, fbod, and fbel, at an elevatioD above the level of the sea, 
which in almost all other parts of the globe is covered with perpetual ice. 
We mast except Che very dry districts of Bolivia, where snow is eo rarely 
met with, and where Pentlaod (m 1838) fixed the anow-line at 15,667 
ftet, between 16' and 17J- sonth leCitode. The opinion that I had ad- 
vanced regarding the difference in die mow-line on the two face« of Cha 
Himalaya haa been most folly confirmed by the barometrica] observatiooa 
of Victor Jacquemont, who fell an early aacrifice to his noble and unwea- 
ried ardonr. (See bis Corretpondanei pendant tan voyage daiu VInde, 
182S d 1832, lir. 23, pp. 290, 296, 299.) " Perpf^nal anow," w^ 
Jacqoemont, " descends lower on the southeni than on the northern alope« 
of the Himalaya, and the limit constantly rises as we advanc« to the north 
of the chain bordering on India. On the Kioubroag, about 18,317 feet 
In elevation, according to Captain Gerard, 1 was still considerably below 
ttie limit of perpetoal snow, which, I believe to be 19.690 feet in this part 
of Hindostan," fThia estimate I coDsirier much too high.) 

ne same traveUer says, " To whatever height we rise on the aonthem 
decUrity of the Himalaya, the elimste retains the aame character, and tha 
aame division of the seasons as in the plains of India ; the summer solstice 
being every year marked by the same prevalence of rain, which contiunea 
ta Ul withoat intermiauon until the sntumna] eqninox. But a new, a 
totaUy diflerent cliinate begins at Kashmir, whose elevation I estimate to 
Im &Ü0 feet, nearly equal to that of the cities of Mexico and Popayan," 
(Ams^csaif. de JacqueaOBt, t. a., pp. SS et 74). The warm and humid 
tit of tha ^ea, m liSopold Ton Bach well obaervea, is carried by the moo- 
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I tainsorCundinamarcttiOf Qiiito,and(if Pera,furrawedbydeep 
I ravines, num is enabled to contemplate alike ell tlie &imliesof 
\ plants, and all the stars of Hie firmament. There, at a single 
glance, the eye surrerB majestic palms, humid forests of 
bombusa, and the vaned species of musacete, while above 
these forms of tropical vegetation appear oalcs, medlars, the 
s^eetbiier, and umbelliierous plants, as in oar European 
homes, liiere, as the traveller tnms his eyes to the vault of 
heaven, a single glance embraces tbe constellation of the 
Soathem Cross, the Magellanic clouds, and the ^ding stars 
of the constellation of tte Bear, aa they circle round the 
arctic pole. There the depths of the earth and the vaults oF 
heaven display all the richness of their forms and the variety 
of their phenomena. ITiere the different climates are ranged 
the one above the other, stage by stage, like the vegetable 
zones, whose succession they limit ; and there the observer 
may readily trace the lans that regulate the diminution of 
heat, OS they stand indelibly inscribed on the rocky walls and 
abrupt dechvities of the Cordilleras. 

Not to weary the reader with the details of the phenomena 
which I long since endeavoured graphically to represent,* Z 

■oons aero» the pUins of lodia to the skirts of the Himalaja, which 
arrest its course, and hjoder it rrom diverging to the Tuibetdan districts of 
ladskaad Laaia. Carl tod Hügel estimates the eleiaticn of the vallejof 
Kashmir above the Icrel of the sea at 5S1B feet, and bases his ohäervadon 
on the determiaation of the boiling point of water, (see theil II, s. 155, 
■nd Joaraal qf Gmg. Soe., vol. vi. p. 215). In this valley, where the 
atm ^sphere is scarcely ever agitated by Blorma, and in 34° 7' lat., snow is 
fonnd, leveral feet in thickneis, from December to March. 

* See, generally, my Btsai tur la Geographie dti Planlei, el le 
Tableau phyiigae da Btgiont Equinoxiahs, 1007, pp. 80-88. On the 
diomal and nocturnal variations nf temperature, see Plate 9 of my Allot 
Gtogr. el Phyi. da JVoureou Omtinmt : and the Tables in my woii, 
entitled Dt dhlribatitme geographica Plaalarum eecuadum aeli teat- 
periem ti alliladinem taonlivm, 1817, pp. 90-U6; the meteorological 
portion of mj Atie Centrale, tom. iii,, pp. 212, 224 j and, finally, the more- 
recent and far more eiact eipoMtion of the Tariations of temperature 
aiperienced in correspondence with the increase of altitude on the chain 
of the Andes, given in Boussingault'a Memoir, Stir la prqfoadeur (t la- 
qtuUe on Iroute, ana lee Tropiguei, la couehe de Teraperalvre Ineariable. 
{Ann. de Chimie et de Phyaique, 1833, t. liii., pp. 225-247.) Thia treatise 
contains the elevations of 128 points, included between the level of the ' 
•ea and the declivity of the Antiaana (17,900 feet), aa well as the meaa 
temperatare of the atmosphere, which varies with the height between 81* 
and 35° P. * 
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will bet« limit myself to the considerauon of a few of tlie 
general results whose combinatioit constitutee the physical 
äkineation of the torrid xotk. That which, in the vagueness 
of our impressions, loses all distinctness of form, like some 
distant mountain shroudrd from view by a veil of mist, is 
dearly revealed by the light of mind, which by its scrutiny 
imto die causes of phenomena learns to resolve and analyze 
their difierent elements, assigning to each its individual cha- ^ 
meter. Thus in the sphere of natural investigation, as in ^, 
poetry and painting, toe delineation of that vrhicb appeals 
most strongly to the imagination, derives its coHective iaterest 
fixim the vivid truthiiilneBS with which the individual features 
are ponrtrayed. 

The regions of the torrid zone not only give rise to the 
most powerful impressions by their ot^anic richness and their 
abundunt fertility, but they likewise afford the inestimable 
advantage of revealing to man, by the uniformity of the varia- 
tions of the atmosphere and the development of vital forces, 
and by the contrasts of climate and vegetation esüBited at 
different elevations, tLe invariability of the laws that regulate 
the course of the heavenly bodies, reflected, as it were, in 
terrestrial phenomena. Let ns dwell tlien for a few moments 
on the proo& of this regularity, which is such, that it may be 
submitted to numerical calculation and computation. 

In the burning plains that rise but little above the level 
of the sea, reign tlie families of the banana, the cycas, and 
the palm, of which the munber of species comprised in the 
flora of tropical r^ous has been so wonderfully increased in '^ 
the present day, by the zeal of botanical travellers. To these 
groups succeed, in the Alpine valleys and the humid and 
shaded clefts on tlie slopes of the Cordilleras, the tree-ferns, . 
iriiose thick cylindrical trunks and delicate lacelike foliage 
stand out in bold relief against the azure of the sky, and the 
cinchona, from which we derive the febrifuge bark. The 
medicinal stxength of this bark is said to increase in propoT' 
tion to the degree of moisture imparted to the foliage of the 
tree by the light mists which form the upper sur&ce of the 
clouds resting over the plains. Everywhere around, the con- 
fines of the forest are encircled br broad bands of social 
ents, as the delicate aralia, the Uiibaudia and the myrtle- 
ved andiomeda, whilst the Alpine rose, the magnificent 
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be&ria, weaves ■ purple giidle round the spiiy peak«. In 
I the cold regims ot the ParamoB, ^riiich is continiutUy exposed 
. ' to the fury of atoims and winds, we find Üiat flowering shinbs 
and herbaceooB plants, bearing large a&d variegated blosaonu, 
liave given place to monocotyledons, whoee slender spikes 
cooatitute the sole coveriiig of the soil. Tbis is the zooe of 
. the grasses, one vast savamtali estendii^; over the immeaae 
monatain plateaux, and reflecting a y^low, abnost golden 
tinge, to the slopes of the Cordilleras, on wUch graae Ute 
lai^ and the cattle domestioated 1^ tlie E«r(q>eaii colonist. 
Where Ae na^ed trachyte rock piereea the giaasy turf and 
penetrates into those higher strata of air wbida ire supposed 
to be less chaiged wiüi carbonic acid, we meet oi^ with 
plants of an inferior organisation, Ets lichens, lecideü, and 
the brightly-coloured dustlike lejnwa, scattered around in 
orcular patches. Islets of fresh-fidlen. snow, varyii^ in fcenn 
and extent, arrest tlie last feeble traces of v^etable develop- 
ment, and to these succeeds the region o( perpetual snow, 
vhos^ rfevation undeigoea bat little change, and may be 
easily determined. It is but rarely that the elastic Smiea at 
work wiüiin the interior of our globe, have succeeded m 
breaking through the spiral dcraes, which, resplendent in the 
brightness of eternal »low, crown tiie sonunits of the Cordil- 
leras — and even where these sHbtemmean forces have opened 
a permanent ccnnmnnicatimi with the atmosphere, through 
circular craters or long fissures, they rarely send forth cur- 
Knts of lava, but merely eject ^ited sctMise, steam, sq1|^- 
letted hydrogen gas, and jets of carbcmic acid. 

In the earUest stages <rf civilisation the grand and imporai^ 
tpectacle presented to the minds of the inhabitants of the 
tropica could only awaken fbelings of astonidtment aod awe. 
It might perhaps be BU[wosed, as we have already said, that 
tite periodical retmri of the same phenomena, and the uniEcffm 
manner in which they arrange therasdves in saccessive 
ffroupe, would have enabled man more readily to attun to a 
Knowledge d the laws ol nature ; but as &r as tntditicm and 
bishny guide ns, ve do not find that any application was 
imade of the advantages presented by these &voured regime. 
Becrait reseitrehes tove rendered it very doubtful whether 
&ß [»imitivie seat of Hindoo civilisatioB— one of the most 
nmimaUe ipbaae» in the progreES of maddnd— was actml^ 
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wiüiiii the tca^ca- AÜTsna Yae^, the ancient nudle of 
liie Zend, was situated to Üie north-west of the upper Indus, 
and after the frreat rdigions achism, üiat is to say, after the "Y)/! i 
seperation of the Iranians bom the Brahminieal institution, \,j(n f-l 
Hie language that had previously been common to them and • 
to the Hindoos, assumed amongst tte Intter people (b^eth« a^, . 
irith the literature, habits, and condition of society) an indi- jK'll ' 
vidual form in the Magodiia or Madhya Desa,* a district f- f ill 
that is bounded by the great diain (A Himalaya and the ' 
■mailer rai^ of the Vindhya. Tu less ancient times Üie 
Sanscrit language and ciTilisation advanced towards the south- 
east, penetrating fiirther within ÜiettsiidBone, as my brotlieF 
Wuhelm Tcm Humboldt has E^iown in his greaS work on fie 
£ayi and other languages of analogous stmctuie.f 

Notwithstanding the obstatdes opposed in northern lftfi-~l -^ 
tudes to the discovery of the laws of nature, owing to the 
excesBiTe complication of {dienomena, and the perpetual local 
Tariatiooi that, in these climates, aSbct the movements of the 
atmosphere and the distribution of organic forma ; it is to the 
inhabitant of a small section of the temperate zone, that the 
rest of mankind owe the eariiest rerriation of an intimate and 
' tattonal acquaintance widi the forces governing the ^ysioal 
world. McNreover, it is from the same sone (which is appet- 
rently more favourable to the prepress of reason, the soften- 
ing of manners, and the security ot puUic liberty), that the 
germs of civifisation have been carried to the regions of the ^^ 
tropics, as much by the m^mtory movement of races as by *' ' 
the establidmient of colonies, differing widely in their insti- > 
tutiDn from those of the I%enicians or Greeks. 

In speakii^ of the inäuenoe exercised by tiie succession irf 
{rftonomena on the greater or lesser &ciKty of rect^msing the 
causes producing the», I have touched apoa that important 

* See, on the MsdhjsdSfn, properl; so called, Lswen'i eiceUent 
woA, entitled Biditeh« Alltrthtmuhatdr, bd. i., a. 92. Tbe Chinese 
gire Ae name of Mo-kie-lhi to the Motiieni Bohar. aitiuted to the south 
of Üie eukgcs, (sw tbe-Kam-Ei, hj ChyFa-Hia% lÜSS, p. 2SG). 
Djimbo-dwipii is the name gtren to tin vbole of India; bnt the vorai 
alia indicAte one of the firor Budhiat contiiieiitH. 

f Vtbtr Ht Kmei Sprache a^f der Iruel Jma, nti>l eitur Sinleihiltf 
Uir die VenehiedenAeit da metuehtiehen Sprachbauet md ihn» 
Ki|(aH n^die geittige MntwieteliBig det M*iueMt*gem:khehft, von 
irdbäm V. Hnmholdt, 1836^ bd. L, i. 5— SIO. 
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«tage of our communion wifJi the esternnl world, when the 
enjoyment ariBmg from a. knowledge of the laws, and the mutual 
connection of phenomena, aaaociates itself with the charm of 
^a simple contemplation of nature. That which for a long 
time remains merely an object of rague intuitioii, by degrees 
acquires the certainty of positive truth ; and man, as an 
immoi-tol poet has said, in our own tongue — Amid ceaselece 
change seeks the unchaiigii^ pole.* 

lu order to trace to its primitive source the enjoyment 
derived from the exercise of thought, it is sufficient to cast a 
rapid glance on the earliest dawnings of the philosophy of 
nature, or of the ancient doctrine of the Cosmos. We find even 
omoi^t the most savage nations (as my own travels enable 
me to attest), a certain vague, terror-stricken sense of the 
all-powerftd unity of natural forces, and of the existence of an. 
invisible, spiritual essence manifested in these force«, whether 
in unfolding the flower and maturing the fruit of the nutrient 
tree, in upheaving the soil of the forest, or in rending the clouds 
with the might of the storm. We may here trace the revela- 
tion of a bond of union, linMng together the visible world and 
that higher spiritual world which escapes the grasp of the 
senses. The two become unconsciously blended together, 
developing in the mind of man, as a simple product of ideal 
conception, and independently of the aid of observation, the 
first germ of a Philosophy of Naltire. 

Amongst nations least advanced in civilisation, the unagi- 

) nation revels in strange and &ntastic creations ; and by its 

I predilection for symbols, alike influences ideas and langut^e. 

1 Instead of examining, men are led to conjecture, dt^matize, 

and interpret supposed facts that have never been observed. 

The inner world of thought and of ieeling does not reflect the 

image of the external world in its primitive purity. That 

which in some regions of the earth manifested itself as the 

rudiments of natural philosophy, only to a small numb^ of 

, persons endowed with superior intelÜgence, appears in other 

/ regions, and amoi^ entire races of men, to be the result of 

mystic tendencies and instinctive intuitions. An intimate 

communion with nature, and the vivid and deep emotions 

thus awakened, are likewise the source fivm whirh have 
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sprung die first impulBee towards the worship and deificaticai 
of the destroying and preserving forces of the universe. But 
by degrees as man, aiter having passed through the different 
gradations of intellectual development, arrives at the free 
enjoyment of the regulatiiig power of reflection, and learns 
by gradual pr<^;ress, as it were, to separate tiie world of 
ideas from tliat of sensations, he no longer rests satisfied 
merely witii a vt^oe presentiment of the harmonious unity of 
natural forces ; thought begins to fulfil its noble mission ; and 
observation, aided by reason, endeavours to trace phenomena 
to the causes from which they Epring. 

The history of science teaches ua the difficulties that have 
opposed the p^gress of this active spirit of inquiry. Inaccu- 
rate and imperfect observations have led by &lse inductions 
to the great number of physical views that have been per- 
petuated as popular prejudices among all classes of society. 
Thus by the side of a solid and scientific knowledge of natural 
phenomena there has been preserved a system of the pre- 
tended results of observation, which is so much the more 
difficult to shake, as it denies the validity of the &cts by which 
it may be refuted. This empiricism, the melancholy heritage 
transmitted to us from former times, invariably contends So: 
tho truth of its axioms with the arrc^jance of a narrow- 
minded spirit. Physical philosophy, on the other hand, when 
based upon science, doubts because it seeks to investigate, 
dUtinguishes between that which is certain and that which is 
merely probable, and strives incessantly to perfect theory by 
extending the circle of observation. 

This aesemblago of imperfect dt^mas bequeathed by one 
age to another — this physical philosophy, which is composed 
of popular prejudices I»— is not only injurious because it per- 
petuates error with the obstinacy engendered by the evidence 
of ill observed fects, but also because it hinders the mind 
from attaining to higher views of nature. Instead of seeking 
to discover the Ttiean or medium point, around which oscillate, 
in apparent independence of forces, all the phenomena of the 
external world, tnis system delights in multiplying exceptions 
to the law, and seeks, amid phenomena and in oi^nic forms, 
for something beyond the marvel of a regular succession, and 
an internal and pogressive development. Ever inclined to 
believe that the order of nature is disturbed, it refuses to 



DyGoogle 



18 oosKoa. 

lecogoiee m the present sny aiudt^ with the past, and guided 
by its own Toryii^ hypothese«, sedra at hazud, either in the 
interior of äie ^lobe or in the regitsu of epaee, fbr äie caaae 
of these pretended perturbatioBfl. 

It is the special object of the present work io combat those 
errors which derive tlieir soioce from a Tioiona empirioifim. 
and from imperfect induction«. The higher enjo ym e n ta 
yielded bj the sto^ of nature depend trpon the correetnesa 
and the depth of onr views, ftnd upon ibe extent of the vab- 
jects that may be comprehended in a single gimiee. Increased 
mental cultiyation has given rise, in all classes of society, to an 
increased desire of embeUishing life by augmenting the mass 
of ideas, and l^ nraltn^ying means for their generalization ; 
«nd this sentiment &uty Kfaiea the v^ne acensations ad~ 
Tanoed against the age m whirii we trre, showing that other 
interests, besides the material wants (tf life, oecnpy the minds 
«f men. 

It is abnoet with reluctance that I am about to speak of a 
-aentiment, which appeais to arise fivm narrow-minded views, 
«r ttom a certain weak and morbid sentimentality, — I allude 
to the /sar entertained W some persons, that TiatiH« may by 
'd^;reee lose a p<rtion OE the charm and magic of her power, 
«s we learn more and more how to onveil her secrets, otnn- 
'CTehend the mechanism of the movements of the heaveaty 
bodies, and estimate numerically the intensity of natural 
forces. It is true that, properf^ spelling, Vae forces (J 
natin« can only exercise a magical power over ns, as long as 
their action is shrouded in mj^tery and darimess, and does 
Bot admit of being dassed among Üie conditi«» with which 
' experience has made ns acquainted. The eSeet of such a 
power is, therefore, to excite Üie imagimtion, but that, assur- 
edly, is not the &ciil^ of mind we wonld evoke to preside 
orer the laborious and elaborate obsfflvations by which we 
•bive to attain to a knowledge of the greobiess and excellence 
<rf the lows of &£ universe. 

Hie Bsbvnomer who, by the aid of the heliometer or 
« double-refracting prism,* determines the diameter of pla- 

* Ango'« omlir mtcrometer, a IiappT impTonment wpm Rocbon'i 
prianutic or donble-reflniotiiM micramctvr. 9m M. HMhisu'a DoCt 111 
iMlsnibre'a IBiMrt di PAMinmomü n dki.litMiime aHeti, 1827. , 
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netaiT bodies, irho mefisures patiently, year after year, the 
meridian altitude and the relative distances of stars, or who 
seeks a telescopic comet in a group of nebul», does not feel 
his imagination more excited — and this is the very guaiantee 
of the precision of his labours — Qtaa the botanist who counts 
tiie diviuons of the calyx, or the number of stamens in a 
Sower, or examinee the connected or the separate teeth of the 
peristoma surroundii^ the capsule of a moss. Yet the multi- 
plied angular meaeorements, on the one band, and the detail 
of Di^anic relations on the other, alike aid in preparing the 
way lor üie attainment of h^her liews of the laws of the 



"We must not conibund the disposition of mind in the 
observer at the timp be is purauiug his labours, with the ulte- 
rior greatness of the views resulting from investigation and the 
exercise of thonght. The physical philosopher measures with 
admirable sagacity the waves of light of unequal length 
which t^ interference mutually strengthen or destroy each 
other, even with respect to their diemical actions: the 
astronomer, armed with powerM telescopes, penetrates the 
regions of apace, contemplates, on the extremest confines ol 
our solar system, the satelfites of Uranus, or decomposes faintly 
sparkling points info double stars diSering in colour. The 
botanist discovers the constancy of the gyratory motion of the 
chaia in the greater nnmber of vegetable cells, and recog- 
nises in the genera and natural femihes of plants the intimate 
relations of oiganic f<»ms. Ilie vault of heaven, studded 
with nebuhe and stars, and the rich v^etable mantle that 
covers Ihe soil in the climate of palms, cannot surely &il to 
produce on the minds of these hborious observers of nature, 
an impassion mrae imposing and more worthy of the majes^ 
of creation, than on those wbo are unaccustomed to inveati- 
gate the great mutual relations of phenomena. I cannot, 
Uierefere, agree with Burke '^en he says, " it is our ^no~ 
ranee of natuiul things that cansea all our admiration, and 



tionary in the vault of heaven, astronomy by her aspiring 
hbours has assigned indefinite bounds to space ; and if she 
have set limits to the great nebula to which our solar system 
bekmgB, it has only been to show us in those remote region! 
o2 
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of space, which appear to expand in proportiun to the increase 
of our optic powers, Islet on islet of scattered nebulse. The 
feeling of the Bublime, bo ihr as it arises from a cont«mplatioa 
of tlie distance of the stars, of their greatness and physical 
extent, reflects itself in the feeling of the infinite, which 
belongs to another sphere of ideas included in the domain of 
mind. The solemn and imposüig impressions excited by this 
sentiment, are owii^ to the combination of .which we have 
^oken, and to the Malogous character of the enjoyment and 
emotions awakened in U8, whether we float on the surface 
bi the great deep, stand on some lonely mountain summit 
enveloped in Uie haLf-tronsparent yapoury veil of the atmo- 
nihere, or by the aid of powerM optical instruments scan 
t£e re^ons of space, and see Üie remote nebulooa mass resolva 
itself into worlds of stars. 

The mere accumulation of uncoimected observations of 
details, devoid of generalization of ideas, may doubtlessly 
have tended to create and foster the deeply-rooted prejudice, 
that the study of the exact sciences must neceEsarily chill the 
feelings, and diminish the nobler enjoyments, attendant upon, 
a contemplation of nature. Ibose who stiU cherish auch 
erroneoHS views in the present age, and amid the progress of 
public opinion, and the advancement of all branches of know- 
ledge, &il in duly appreciating the value of every enlai^- 
ment of the sphere of intellect, and the importance of the 
detail of isolated &cts in leading us on to general results. 
The fear of sacrifici:^ tbe free enjoyment of nature, under thä 
influence of scientific reasoning, is often associated with an 
apprehension, that every mind may not be capable of grasping 
the truths of the philosophy of nature. It is cei-tainly true 
that in the midst of the universal fluctuation of phenomena 
and vital forces — in that inextricable network of organism» 
by turns developed and destroyed— each step that we make 
in the more intimate knowledge of nature, leads us to the 
entrance of new labyrinths ; but the excitement produced by 
a presentiment of oiscoTeiT, the vague intuitioa of the mys- 
teries to be unfolded, and the multiplicity of the paths before 
us, all tend to stimulate the exercise of thought in every 
stage of knowledge. The discovery of each separate law of 
nature leads to the establishment of some other more general 
law, or at least indicates to the intelligent observer its exist- 
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ence. Nature, as a celebrated physiologist* has defined it, 
and as the word was interpreted by the Qreeka and Romans, is 
" that which is ever growing and ever unfolding 'itself in new 

The series of organic types hecomes extended or perfected, 
in proportion as hitherto unknown regions ore laid open to 
our view by the labours and researches of travellers and 
observers ; as Kving organisms are compared with those 
which have disappeared in the great revolutions of our planet; 
and as microscopes are made more perfect and are more 
extensively and efficiently employed. In the midst of lliis 
immense variety, and this periodic transformation of animal 
and vegetable productions, we see incessantly revealed the 
primordial mystery of all organic development, that same 
great problem of metamorphosis which Göthe lias treated 
witb more than common sagacity, and to the solution of 
which man is ui^ed by his desire of ri;ducing vital fonns to 
the smallest number of fundamental types. As men contem- 
plate the riches of nature, and see Van mass of observations 
incessantly increasing before them, they become impressed 
with the itttimate conviction that the surfiice and the mterior 
of the earth, the depths of the ocean, and the regions of air 
will stiU, wken thousands and thousands of years have passed 
away, open to tlie scientific observer imtrodden paths of dis- 
covery. The regret of Alexander cannot be applied to the 
progress of observation and intelligence. | General consi- 
derations, whether Itey treat of the agglomeration of matter in 
the heavenly bodies, or of the geographical «üstribulion trf 
terrestrial organisms, are not only in themselves more attrac- 
tive than special studies, but they also afford superior advan- 
tages to those who ore unable to devote much time to occupa- 
tions of this nature. The different branches of the study of 
natural history are only accessible in certain positions of 
social Efe, and do not at every season and in evei-y oKmate 
present like enjoyments. Thus, in the dreary regions of the 
north, man is deprived for a long period of the year of the 
spectacle presented b^ the activity of the productive forces of 
organic nature; and if the mind be directed to one sole class 

* Carol, Fon dm Urtheilen da fnoc^ni und Sehaltit Geilitia, 
1828, $ 6. 
t Plot., in Fifa Alex. Magni, cup. 1. 
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of objects, fbe most aaimsted narmtivea of vo^mges in distant 
lands will &il to interest and attract us, if they do not tmudl 
i^on tlie subjects to wfaicli we are most partial. 

As the history of nations — if it were always able to trace 
events to their tme cause«— might solve Ute erer-reciiiTing 
enigma of the oscülatione expraienced by the alternately »to- 
gresaive and retrt^irade moTement of human society, so mi^t 
also the physical description of tfe world, the science of tie 
Oismoa, if it were grasped by a powertnl intellect, and based 
upon a knowledge of all the results of discoreiy up to a 
given period, succeed in dispelling a portion of the conttadlc- 
tions, which, at first sight, appear to arise from üie complica- 
tion of phenomena and the multitude of lie perturbatioas 
simalbmeouriy manifefltod. 

ITie knowledge of the laws of nature, whether we can baoe 
them in the (dtemate eU) and flow of the ocean, in tbe 
measured path of »»nets, or in tlie mnta^ attractions cS 
multiple stars, alike inereases om sense of the calm of uftture, 
irtiüst the chimera so long cherished by the human mind is 
its early and intuitive contemplations, the belief in a " iSscord 
of tie elements," seems gradually to vanish in proportion as 
science extends her empire. General views lead us habitual^ 
to consider each oiganism as a part of the entire citation, and 
to recognise in liie plant or tiie animal, not merely an isolated 
species, but a form linked in tie chain of being to other fenne 
WÜier hving or eztinet. They aid us in comprehending 
the relations that exist between Ite most recent discoveries 
and liose which have prepared the way for them. Allioo^ 
fixed to one point of space, we eagerly grasp at a knowledge 
of that which has been observed in diferent and fer distant 
T^ons. Wedelightin trackingthe courseoftheboldmariner 
through seas of polar ice, or in following him to the summit of 
that volcano of ttie antarctic pole, whose fires may be seen &om 
a&r, even at mid-day. It is by an acqnaintance with the results 
of distant voyages, tiat we may learn to comprehend some of 
tiie marvels of terrestrial magnetism, and be thus led to appre- 
ciate the importance of the establishments of t!he nnmerons 
observatories, which in tlie present day. cover boti hemisph^ra, 
and aie designed to note the simaltatisofls occurrence of 
perturbations, and the frequency and duration of tnafftuHc 
storms. 
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Let me be penoitted here to toodi. upon a few points 
oonnected wilh djscoreries, whose importimce caa only be 
estimated by those who bare devoted themselvee to the study 
of the pbyfiical Bciencea geoerally. Examples chosen frooa 
among the phenomcoa to which erpecial attentimi ba^ been 
directed in recent times, will tiarow additional light npon the 
preceding etwaideratioiis. Without a preliminary knowle^e 
of the orbita of comets we shonld be imable duly t^ appre- 
ciate the importauoe attadied to &e discorery of one of these 
bodies, whose ellqitioal orbit is included in the narrow limits of 
our solar ^sten, and which has revealed the ezisteace of an 
ethereal fluid, tending to tlimiriMh its ceniiri&gal force and tJas 
period of its revtäution. 

The SKperflcial hcJf-kiuxwlcdge, so diaraeteriatic of the 
present day, which leads to the inlxoduction of vaguely com- 
prehended 6ci^ti£c views into genenaJ. coavereation, also gives 
rise, under various ibrms, to l£e expression of alann at dw 
8iq)posed danger of a collisi<m betwe^i the celest»! bodies, oc 
-of disturbaooe in the clsiiatic relations of our globe. Iliese 
^lantoms of the iäagioation are so much the more injurions 
as tb^ derive tbeLr source from dc^ima^c pretmisions to tme 
science. The history of the atraospbere, and of the anmud 
variationB of its temperature, extends alreacty sufficiently &r 
bade to show the recurrence of slight distutfoanoes in the meaa 
temperature oSaay given place, asd thus affords sufBetent gua- 
rantee against the exaggerated apprehenüon o£ a general and 
progressive deterioration of the climates of Europe. Eaeke's 
comet, whiidi is oae of the three interior eomtts, comi^etes 
its course in 1,J200 days, but from tbe ibrm aod position of 
its orbit it is as Httle dai^ero*is to the earth as Halley's 
great comet, whose Tevoluticn. is not completed in lees tlrän 
seveoty-six years, (and which aHW»ired less hrilliaat in 1836 
than It had Aaoe in 1759;) the int^w comet of Biebt 
intersects the earth's «bit, it is true, b^ it can only approach 
our globe wbea its proximity to the sun coincides with oar 
winter solstioe. 

The quantity of heat reoöved by a planet, and whoee- 
unequal distribution detemiites the meteorological variationB 
of its atmoqtbwe, defends aHlte i^b the light-eogeatdering 
force of the am, that is to eay, v^n Üie condition of its 
gaseous covering and upon the relsÄive positimx of the ^ixoA 
and the central body. 
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There are variations, it is true, which in obedience to tte 
lawB of universal gravitation, affect the form of the earth's 
orbit, and the inclination of the ecliptic, that is, the angle 
which the axis of the earth makes with the plane of its orbit ; 
but these periodical variations are so slow, and are restricted 
within such narrow limits, that their thermic effects would 
hardly he appreciable by our instruments in many thousands 
of years. The astronomical causes of a refrigeration of our 
globe, and of the diminution of moisture at its surface, and 
the nature and irequeney of certain epidemics — phenomena 
which are often discussed in the present day according to the 
benighted views of the middle ages — ought to be considered 
as beyond the range of our experience m physics and chemistry. 

Physical astronomy presents us with other phenomena, 
which cannot be fully comprehended in all their vastness 
without a previous acquirement of general views regai'diug 
the forces liat govern the universe. Such, for instance, are 
the innumerable double stars, or rather suns, which revolve 
round one common centre of gravity, and thus reveal in 
distant worlds tlie existence of the Newtonian law; the 
lai^r or smaller number of spots upon the sun, that is to 
say, the openings formed through the luminous and opaque 
abnosphere surroundii^ the sohd nucleus ; and the regular 
appearance, about the 13th of November, and the 11th of 
August, of shooting stars, which probably form part of a belt 
of asteroids, intersecting the earth's orbit, and moving with 
planetary velocity. 

Descending from the ecJestial regions to the earth, we 
would fain inquire into the relations that esist between the 
oscillations of the pendulum in air (the theory of which has 
been perfected by Bessel), and the density of our planet ; and 
how the pendulum, acting the part of a plummet, can, to a 
certain extent, throw light upon the geological constitution 
of strata at great depths ? By means of this instrument we 
are enabled to traäe the striking analogy which exists between 
the formation of the granular rocks composing the lava cur- 
rents ejected from active volcanoes, and those endogenous 
masses of granite, porphyry, and serpentine, which, issuing 
from the interior of the earui have broken, as eruptive rocks, 
through the secondary strata, and modified them by contact^ 
either in rendering them harder by the introduction of silex. 
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or reducing tLem into dolonute ; or finally by inducing within ' 

them the formation of ciratals of tie most varied composition. 
The eleyation of sporadic islands, of domes of- trachyt«, and 
cones of basalt, by the elastic forces emanating from Üie flnid 
interior of our globe, has led one of the first geologists of the 
ago, Leopold von Buch, to _ the theory of Sie elevation Oi 
continents, and of mountain chains generally. This action of 
Bnbterranean forces in breaking through, and elevating strata 
of sedimentary rocks, of which the coast of Chili, in conse- 
quence of a great earthquake, furnished a recent example, . 
leads to the assumption, that the pelagic shells found by 
U. Bonpland and myself on the rii%e of the Andes, at an 
elevation of more than 15,000 English feet, may have been 
conveyed to bo extraordinary a position, not by a rising of the 
ocean, but by the agency of volcanic forces capable of ele- 
vating into ridges the softened crust of the earth, 

I apply the term volcanic, in the widest sense of the word, 
to eveiy action exercised by the interior of a planet on its 
external crust The surface of our globe, and that of the moon, 
manifest traces of this action, which in the former, at ]cast, has 
varied duiing the course of ages.' Those, who are ignorant of 
the feet, that the internal heat of the earth increases so ra- 
pidly with the increase of depth, that granite is in a state of 
fiision about twenty or thirty geographical miles below the 
Burihce,* cannot have a clear conception of the causes, and 
the simultaneous occurrence of volcanic eruptions at places 
widely removed from one another, or of the extent and inter- 
section of circles of commotion in earthquakes, or of the 
wiiformity of temperature, and equality of chemical com- 
position observed in thermal springs during a long course of 
years. The quantity of heat peculiar to a planet is, however, 
a matter of such importance, — being the result of its primitive 
condensation, and varying according to the nature and 
duration of the radiation, — that the study of this subject may 

• TTie detenninaÜDns nioally given of the point of fusion nte in 
gmeTBl much loo Mgh for refracting BubntaitceB. According to the Tcrf 
■cconte researches of Mit»cherlich, the melting point of granite em 
LinUjr exceed 2372° F. 

[Dr. Mantell state« in The Wonda-t of Otology, 184B, vol. i. pige 34, 
that this incnsse of temperature emonnta to 1° of FahTEnheit for eier; 
M (eet of Tcrtical depth.]— TV. 
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äirow some degree of light on Ibe history of tiu KbaogpbBM, 
and die distributioa <if the organic bodies mbedded in the 
aolid cru§t of äte earüi. This study eoafales na to ondieTBtaiid 
bow a tropical tempereture, independent of latitude (tiiot is, 
of the distance &om the poles), may have beea produced by 
deep fissures remaining open, and exlialiiig beat from the 
interior of tiie g^obe, at a period when tbe eartii's crust was 
stÜl fUcrowed and rent, sod ooly in a atate of semi-^olidlfi- 
oation; and a primordial condiäon is tiius revealed to us, 
in whidt the temprastare of the ^moapbei«, and climat«! 
eaneraUy w«re owing ra,theT to a libetaläan. of caloric and of 
diäbreut gafeoua emanationB, (that is to say, cather to tha 
«le^etic reoaction of the intenor on tJie esteraor.) than to the 
poeiüon of the earth with seqiect to &e centzal body, lita 

Ute cold regions of the earth contais, depoaited in sedi- 
V^ktaiy Btrata, the piK>ducls of tropical cliamtea; tims, in 
the coal formations, we find the tni^is of palms stamÜBg 
upright amid coniferffl, tse« fema, goniatitea and feifaes 
having rbomboidal osseoos acalee ; * in the Jiira Iiffl»< 
stone colossal skeletons of crocodileH, pleaiosauri, plauulites, 
and etems q£ the t^cade«; in the clülk ibnnaläoDs, araaS 
polythalamia and ^yozoa, whose spe«^ still exist in om 
seas ; in tripoli, or p<dishiiig elate, in the aemi-dpal and the 
fiirina-like opal oc moimtaw meal, agglom^ations of ailiceona 
infiiBoria wluch have been bnoi^t to li^t by the pown^nl 
midoiicope of EhienbeKgf ; and bstly, in iMneportei soSs, 

•*See the cl«n™l work on the ttbei of tho oM world hj AgMii» 
Meei. tw J« Pmnoiu FbaOet, 1834, yoI. i. p. 3« ; vol. ii. pp. 3, 2B, 3«, 
App. p. 6. The whole geam of AmUjplmiB, Äg. itMarbf aflied M ^. 
Iconuciu (oiled «Isa PalKothrisBaio) lies buried beceiitli tbe Jnra Cunii»- 
tioaa in Che old cBrbon'feroaB BtraCä. Scales whicli, ia some finhei, w ia 
Oie fkmilj of Lepidoidee (order of Ganoidee), are formed like teeth, and 
«wered in certain parts widi ensmel, belong, after the Placoides, to Üie 
oblnt forme effbaiilfiBhea'; tiieir lin^ FepreaentatireB are stiB found hrtwo 
genera, ibtBichir c^ the Nile and Senegal, and Che Lfpidotteue of Ohio. 

f [The paliihing »late of Bitin is statod by M. EhredwEg to form a 
series of Nrata fbortaen feet in tbinknest, eatirdjr ma^ up of tlie sUicMac 
dkelk oS GaäiomUa, of socfa extrem« minntaDes«. tiut ■ bbIhc ibA at 
flie Btoae contains fortj-ane Chouaand millioni 1 The BargmaU (mmmt- 
Mn-BMoI or /owtj fariaa), of Sn> Fion, m Tascaof, ii aoi BiaaB of 
aanalrailitM. SB(theitiC«reatiBg workof £L A. a[aMell,CMM<jr4äak 
Iff Cnaium, toL L p. 223.]— TV. 
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■nd in certain carM, tiie bonea of elepbaiite, hyenas, and 
Hong. An mtimate acquaintance with the physical pheno- 
mKia of the nniverse letuls us tn regErd the products of wann 
bttitndes that wk tinia &nmi in a fossil condition in northern 
Tegions, not merdj as inoentiTeB to barren cnrioeity, but as 
subjects awakening deep ■efleotioii, and opening new sources 
of study. 

The munber and i3a varie^ of tbe objects I have aJlnded 
to, give rise to the question wnether general ctmsiderationB of 
physical phenomena can be made snfGciently dear to per- 
sons, who have not acquired a detailed and Bpe<^ know- 
ledge of de9criprti.ve natural history, geology, or mathematicBl 
uteonomy ? I think we ought to distiiiguiBh here between 
him, whose task it is to collect the individ«^ detsQs of 
Tarianfl observations, and study the mutual rations existing 
nnongst them, and him to wiiom these relatioae ai« to be 
TCvei&d, under the form of general reeolts. The fbnncx 
should be acquainted with the specie^ties of phfenemnm, 
that he may arrive at a generalization of ideas as the resnlt, 
Bt least in part, of his own observations, experiments, and 
ealcnlatioBS. It cannot be denied, that where there is an 
absence of positive knowledge of physical phenomena, the 
gBceral resnllB wiiich impart so great a duirm to the study of 
nataire cannot all be made eqiully clear and intelligible to 
flie reader, but still I Testture to hope, tbat in the work 
which I am bow preparing on t^ jdrysical laws of the 
mnrerse, libe greater part of täte Actis advanced can be made 
aani&Bt wilhoat the neoesäty of sppeiding to fimdaiseutal 
views and princijdes. The pictare of nature thus drawn, 
notwithstanding the want of distinctness at some of its out- 
lines, will not be the less able to enrich the intellect, enlarge 
the sphere of ideas, and nourish and viviiy the im a gin ation. 

Türe is. peihaps, some truth in the accusation advanced 
agamstmaay Gaxtan scientific wc»ks, tiiat they lessen um 
Tuut of general views by an accumulation of d^il ; and do 
not suffidcBtly distinguiehing between those great results 
vUch form^ as it weoc, the beacon lights at science, and the 
long series of means by which they have been attained. lÜs 
method of treating scientific sabgeds led the most illustrious 
rf our poets* to exclaim with impsticBCe — "The Germaas 

* G«the, m Dit Ap^oritmm »cr Natm vim t at el U ffl, bd. i.., *. 135. 
(mnN leltiti* Atufiit, «m 1883.) 
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Luve tlie ort of nuüdDg science inaccesüble." Ad edifice 
cannot produce a striking effect until the scaEfolding is re- 
moved, that had of necessity been used during its erection. 
Hius Üie unifonnity of figure observed in the distribution of 
continental masses, ^vhich all terminate towards the eouih in 
a pyramidal form, and expand towards the north (a law that 
determines the nature of <dimates, the direction of currents in 
the ocean and the atmoBphere, and the transition of certain 
types of tropical Tegetation towards the southern temperate 
aone), may be clearly apprehended without any knowledge of 
the geodesical and astronomical operations by means of which 
these pyramidal forms of continents have been determined. 
In like manner, physical gec^raphy teaches us by how many 
leagues the equatorial axis exceeds the polar axis of the 
globe ; and shows us the mean equality of the flattening of 
Üie two hemispheres, without entailing on U8 the necessity of 
giving the detail of the measurement of the degrees in the 
meridian, or the observations on the pendulum, which have 
led us to know that the true figure of our globe is not 
exactly that of a regular ellipsoid of revolution, and that this 
irreguWity is reflected ia the corresponding irregularity of 
the movements of the moon. 

The vievrs of comparative geography have oeen specially 
enlarged by that admirable work, Erdhmde im VerhäUnitt 
sur Natur und xur Getchiehte, in which Carl Bitter so ably 
delineates the physiognomy of our globe, and shows the 
influence of its external configuration on the physical phe- 
nomena on its suriace, on the migrations, laws, and mannen, 
of nations, and on all the principal historical events enacted 
upon the fiice of the earth. 

France possesses an immortal work, L'Exposition da 
SytUme du Monde, in which the author has combined the 
results of the highest astronomical and mathematical labours, 
and pesented Äem to his readers free from all processes of 
demonstration. The structure of the heavens is here reduced 
to Üie simple solution of a great problem in mechanics ; yet 
Laplace's work has never yet been accused of incompleteness 
and want of proAmdity. 

The distinction between Hinaimiljir subjects, and the sepa- 
ration of the general from the special are not only conducive 
to the attainment of perspicuity ia the composition of a 
physical history of the universe, but are alao Üie means by 
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'wlüch a character of greater elevation may be imparted to 
die study of nature. By the suppression of all mmcceBSftry 
detail, the great masses are better seen, and the rcofioning 
&culty is enabled to grasp all that might otherwise escape the 
limited range of the senses. 

The exposition of general resulte has, it aiust be owned, 
been singularly facilitated by the happy revolution experienced 
since the close of the lost century, in the conditioa of all the 
special sciences, more particularly of geology, chemistry, 
futd descriptive natural history. In proportion as laws admit 
of more general application, and as sciences mutually enrich 
each other, and by their extension become con>>ected together 
in more numerous and more intimate relations, the develop- 
ment of gwieral truths may be given with conciseness devoid 
of Bupernciality. On being first examined, all phenomena 
appear to be isolated, and it is only by the result of a multi- 
plicity of observations, combined by reason, that we are able to 
bitce the mutual relations existing between them. If, how- 
ever, in the present age, which is so strongly characterised by 
a brilhant course of scientific discoveries, we perceive a want 
of connection in the phenomena of certain sciences, we may 
anticipate the revelation of new facts, whose importance will 
probably be commensurate with the attention directed to these 
branches of study. Expectations of this nature may he 
entertained with regard to meteorolc^, several parts of 
optics, and to radiating heat, and electro-magnetism, since the 
admirable discoveries of Melloni and Faraday. A fertile field 
is here opened to discovery, although the voltaic pile has 
already taught tis the intimate connection existing between 
electric, magietic, and chemical phenomena. Who will 
venture to affirm that we have any precise knowledge, in the 
present day, of that part of the atmosphere which is not 
oxygen, or that thousands of gaseous substances affecting our 
oi^ans may not be mixed with the nitrogen, or finally, that we 
have even discovered the whole number of the forces which 
pervade the universe ? 

It is not the purpose of this essay on Üie physical history of 
the world to reduce all sensible phenomena to a small number 
of abstract principles, based on reason only. The physical 
history of the universe, whose exposition I attempt to deve- 
lope, does not pretend to rise to the perilous abstractions of a 
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purely rational science of nature, and is nmply a p^ticai 
geography, combined with a descr^tion of the regions of ^aee 
and the ooditt occupying them. Devoid of üie pröfouciaiiGH of 
a purely apecalatiTe philosophy, my essay on the Cosmat tieate 
of Üie contemplatioa of the miiTene, and is based upon a 
laüonal empiricisia, Üiat is to say, \xptia tlie lesulta of the 
fects registered by science, and tested t^ the opeiatjons of the 
inteUeot. It is within these limits alone üiat die work, which 
I now venture to undertake, appertains to the sphere of 
labour, to which I have devoted myself throughout the 
course of my long scientific career. Tiäa path of enquiry is 
not unknown to me, although it may be puisued b^ otkeis 
iritli greater suooess. The unity wbiiät I 8«k to attam in the 
developmeat of Üie great phenomena of die universe, is 
analogous to that wMch historical composition is capable 
of acquiring. AH points relating to tue accidental indi- 
vidualities, and the essential variations of the actual, whether 
in the form and anaogement of natural ol^'ects in the strudle 
of man against the elements, or of nations against nations, 
do not admit of being based on^ on a rational /mmdatioa 
■^that is to say, of being deduced from ideas alone. 

It seems to me that a like degree of empiricism attaches to 
the Description of tlie Universe and to Civil Histoiy ; but in 
reflecting upon physical phenomena and events, and tracing 
their causes by the process of reason, we become mote and 
more convinced of we truth of the ancient doctrine, that the 
forces inherent in matter, and those which govern the moral 
world, exerdse their action under ihs control of primordial 
necessity, and in aocordanee with movements occurring periodi- 
cally after longer or shorter intervals. 

It is tMs necessity, this occult but permanent connection, 
lüäs periodical recurrence in the progressive development of 
fijrms, phenomena, and events, which constituto nalure, obedi' 
ent to tiie first impulse imparted to it. Physics, as the teim 
fiigmfies, ia limited to the explanation of the phenomena of 
the materia] world by the properties of matter. The ultimate 
object of tile e^Krimental sciences is, therefore, to discover 
laws, and to trace their progressive generalization. All that 
exceeds this goes beyond tlie prorince of the physical descrqi- 
tion of the univ^ve, and appertains to a range of higher 
epeculative vienra. 
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iSmaintel East, one of the finr pfaÜMophem who hsve escaped 
the nDpntation of im^e^, ias defined -with, rare «flgBHty 
the limits of phynccl explanotioM, ia hie celebrated ess^ 
On ßu Thtory and Stnustun of &e Smtvtna, puUiihed at 
K&iigaberg, in 1755- 

The stodf of a scwnce that [iiiiaiiiii to lead na throng die 
taat nmge of oreatioii m^ be esn^Mred to a jonrn^ in a br 
äistont land. Before we set forth we conaideE, and afben with 
diatmst, our own strength and that of the guide we have 
dMsen. Bnt the i^nehensioBs which have originated in th« 
abundBBce and the difficultiee attached to the aabjecta we 
would emfaraee, Teeede from view as we lemoaher ^at witlt 
the increase of ofaeervations in the preaeut day, there hae also 
arisen a more intdnute hnowledge of the connection eziirtins 
axnong all phenomoia. It hae not unfreqaently happened 
flnrt the reaeardiea made at remote distances bare often and 
unexpectedly tlstiwii light npon enbjects "n^üch had long 
vecäated the attempts made to ezphiin them, within the narrow 
fimits of our own sphere of oba^vation. Organic ferma that 
had long remained isolated, both ia ibe animal and Timetable 
biiigd<»K, hare berai connected ity the discavery <tf inter- 
mediate hnks or stifles of transition. The ge<^raphy of 
heings endowed with life attains completraieaa, as we see tha 
«pecies, genera, and entire &milies belonging to one hemi- 
■phere, reäeoted,aa it were, in analogous aiujnal and vegetaUe 
Ibvras ia äie opposite hemisphere. Tlwse are, so to speak, the 
tqmvaientt vmax mutually persanate and refuaoe one another 
in the great series of otgmums. These ceoneotii^ links and 
■tages of tnunitiim may be traced, altranately, in a deficiency or 
SI excess of development of certain parts, in the mode of jimo- 
tioa of disttoct o^^ans, in the di&rcnees in the balance of farces, 
or in a resegibiwice to intermediate forms which are not p^ 
manent, but merely cfaaracteristic of certain phases of normal 
derelopment. Faasing from the consideration of beings en- 
dowed with life to tl^t of inorganic bodieo, we find maDn- 
■biking illnstaations of the high state of advancement to whicA 
modem geology haa attained. We thus see, according to 
the grand views of Elie de Beamnont, how chains of moun- 
tains dividing difierent climates and fioms and di&rent races 
of men, reveal to ns their rtlaliee a^g, both hy the character 
o£ the sedimentary strata they have uplifted, and by the direfr- 
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tiona whioli they follow over the long fifisaies witii which 
the earth's cruet U furrowed. Helationa of super-position of 
trachyte and of syemtio porphyry, of diorite and of serpen- 
tine, which remain doubtful when considered in the auriferous 
soil of Hungary, in the rich platinum districts of the Oural, 
and on &e soutii-westem declivity of the Siberian Altai', eib 
elucidated by the observations that have been made on the 
plateaux of Mexico and Antioqnia, and in the unhealthy raviues 
of Choco. The most important &ctB on which the physical 
history of the world has been based in modem times, have 
iwt been accumulated by chance. It has at length been fiilly 
acknowledged, and the conTicüon is characteristic of the age, 
that the narratives of distant travele, too long occupied in the 
mere recital of hazardous adventures, can only be made a 
source of instruction, where the traveller is acquainted with 
tiie condition of the science he would enlarge, and is guided 
by reason in his researches 

It is by this tendency to generalization, which is only 
dangerous in its abuse, that a great portion of the physical 
knowledge already acquired may be made the common pro- 
, perty of all classes of society ; but in order to render the 
instruction imparted by these means commensurate with the 
importance of the subject, it is desirable to deviate as widely 
as possible from the imperfect compilations designated, till tb^ 
close of the e^hteentb century, by the inappropriate tcnn of 
popular htotcledge. I take pleasime in persuading myself that 
scientific subjects may be treated of in language at once 
dignified, grave and animated, and that those who are re- 
stricted within the circumscribed limits of ordinary life, and 
have long remained strangers to an intimate commimion with 
nature, may thus have opened to them one of the richest 
sources of enjoyment by which the mind is invigorated by the 
acquisition of new ideas. Communion with nature awcikens 
within us perceptive feculties that bad long lain dormant ; 
and we thus comprehend at a single glance the influence 
eiercised by physical discoveries on the enlai^ement of the 
sphere of intellect, and perceive how a judicious application 
of mechanics, cliemistry, and other sciences may be made 
conducive to national prosperity. 

A more accurate knowledge of the connection of physical 
phenomena will also tend to remove Ihe prevalent error that 
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&U bnuichea of natural science ore not equaUj? Importgut in 
relation to general cultmition and industrial progress. An 
arlHtraiy distinction is frequently made between the varioua 
d^rees of importance appertainiog to maüiematical sciences, 
. to the study of organised beings, the knowledge of electro- 
nu^netism, and investigations at the general properties of 
matter in its different coaditions of molecular aggregation ; 
and it iB not uncommon presumptuously to affix b. supposed 
stigma upon researches of this nature, br terming them 
"purely theoreticd," forgetting, althoi^h the feet has been 
long attested, that in the observation of a phenomenon, which 
at ftrst sight appears to be wholly isolateo, may be concealed 
the germ of a great discovery. When Aloysio Galvani 
first stimulated the nervous fibre by the accidental contact of 
two hctert^eneous metals, his contemporaries could never have 
tmticipated, that the action of the voltaic pile would discover 
to us, in the alkalies, metals of a silvery lustre, so light as to 
swim on water, and eminently inflammable ; or that it would 
become a powerful instrument of chemical a^lysis, and at 
the same time a thermoscope, and a magnet. When Huyghena 
first observed, in 1678, the phenomenon of äie' polarization of 
light, exhibited in the difference bet#ete th« two rays into 
wnich a pencil of light divides itself in' pdssing through a 
doubly refracting crrstal, it could 7to8 -hive been foreseen, 
that a century and a half later the great 'philosopher, Anigo, 
would by his discovery of chromam pilaHiation, bq led to 
discern, by means of a small &agmentefleelaiid spar, whether 
solar light emanates from a soHdbodr, w^'ft gnSeous covering; 
or whether comets transmit light directly, or merely by re> 
flection.* :'■ ■ ■ i'- 

An equal appreciation of aU bnux^iea ^' -tiie mathematical, 
physical and natural sciences, is a spe<nal''tf»quirement of the 
pr^ent age, in which the material iwealth tmd the growing • 
Toosperity of nations are principally 'baled'" upon a more en- 
Sghtened employment of the product» osdi 'forces of nature. 
Tos most superficial glance at the preseät 0Aiiditioi\ of Europe 
shows that a diminution, or even W total 'annihilation of 
national prospecitr^, most be the award' erf those states who 

* Ango'» Diecoreri» in tbe rear 181h*^Bclambra'i i/ufetra 
lb rAH., p. 6^2. (Puuge slreadj qnoted.) 

Digniod., Google 



ilmsk wilh sloäiiul indi^rence from; tiie gnat stn^^ of 
nval nations in üie career of tbe industrial arte. It u vith 
nations as with nature idiich, acoording to a happy ex- 
nresston of Gothe,* " kaows no pause in progreaB and 
development, and attaches her curse on all inaction." Tha . 
|n«pagation of an earnest and sound knotriedge of scieBce can 
therefore alone avert the dangersof which I have spoken. Man 
cannot act upon nature, or appropriate her forces to his own 
use, without compr^endii^ their AtU extent, and having an 
intimate acquaintance with the laws of the physical world. 
Bacon has said that, in human societies, knowledge is power. 
Both must rise and sink tt^ther. But the knowledge that 
lesultfi from the fi*«« action of thought, is at once the delight 
and the indestructible prerogative of man ; and in ibmung 
part of the wealth of mankind, if not unfrequently serves as 
a substitate for the natural ridiee, which are but sparingly 
scattered over the earth. Those states which take no active 
part in the general industrial moveaient, in the choiec and 
preparation of natural substances, or in the application of 
mechanics and chemistry, and among whom thu activity ia 
not appreciated by all clnases of socie^, will inialHbly ses 
their prosperity diioinish in proportion as neighbouring couu' 
tries become strengthened and invigorated under the geaäal 
influence of arts and sciences. 

As in nobler spheres of thought and sentiment, in phtlO' 
Bophy, poetry, and the fine arts, the object at which we aim 
ought to be on inward one — an ennoblement of Ihe Intellects— 
so ought we likewise, in our pursuit of science, to strive . 
after a knowledge of the laws and the principles of unity that 
pervade the vitel forces of the universe ; end it is by such a 
course that physical studies may be made aubservient to the 
Tovgrees of industry, which ia a conquest of mind over matter. 
By a happy connection of causes and effects, we often see the 
useful linked to the beautafol and tbe exalted. The improve- 
ment of agriculture in the hands of free men, and on pro^ 
perties of a moderate extent — ^the flourishing state of the 
mechanical arts freed bom the tnunmels of municipal restrio- 
tions — the increased impetus imparted to commerce by the 
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multiplied means of contect of nattons wiUi eaich otlmi— «n 
all briUiont results of the intellectaal progreBS of mai^dii^ 
and of the amelioratioQ of political institutioiie, in wluah 
this progress is reflected. The picture {^seated by modem 
history ought to convince those who are tiirdy in awakening 
to the truüi of tiie lesson it teaches. 

Nor let it be faired, that the marked predilection for üw 
Etady of nature, and for industrial prc^ross, which is so charac- 
teristic of the present age, should necessarily have a tendenoj 
to retard the noble exertions of the intellect in the domains i$ 
philosophy, classical history, and antiquity ; or to deprive the 
arts by which life is embellished of t^ vivifying breath 
of imagination. Where all the germs of civilisation u« 
developed beneath the te^ of free institutions and wise 
legislation, there is no cause for apprehending that any one 
branch of knowledge should he cultivated to the prejiuuce of 
others. AH afford the state precious fruit», whether they 
yield nourishment to man and constitute his physical wealth) 
or whether, more permanent in their nature, they transmit in 
the works of mind the ^ory of nations to remotest posterity. 
The Spartans, notwithstanding their Doric austerit?, prayed 
the gods to grant them "the beautiAd with the good."* 

I will no loi^r dwell upon the eonsiderationB of the influ- 
ence exercised by the mathematioal and physical sciences on 
all (hat ^qiertains to the material wants ea social lue ; for the 
vast extent of the course on whidi I am entering forbids me 
to insist ftirther upon the utility of these applications. Accus- 
tomed to distant excursionB, I may, periiaps, have erred in 
describing the path before us as more smootit and pleasant 
than it r^dly is, for such is wont to be the practice of those 
who delight in guiding others to tbe summits of lofty mona- 
tains: they praise the view even when great part of the 
distant plains lie hidden by clouds, knowing that this half- 
transparent vapoury veil imports to the scene a certain charm 
from the power exercised hy the imagination over the dom^ 
of the senses. In like manner, from the height occupied by 
the physical history of the world, aU parts of the horizon will 
not appear equally clear and well-defined. Ulis indistinct- 

. f. 1S4, od. Ste^.j Flut., iMtiMa 
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nesB will not, however, be wholly owing to the present imper- 
fect state of some of the eciencee, but in part, hliewise, to the 
imskiliuhiess of the guide who has imprudeiitl]^ yentured to 
ascend these lofty summits. 

The object of this introductory notice is not, however, 
solely to draw attention to the importance and greatness of 
the physical history of the nniveree, for in the present day 
these are too well understood to be contested, but likewise to 
prove bow, without detriment to the stability of special studies, 
we may be enabled to generalize our ideas by concentrating 
them in one common focus, and thus arrive at a point of view 
from which all the organisms and forces of nature may be 
seen as one living active whole, animated by one sole impulse. 
"Nature," as Scnelling remarks in his poetic discourse on 
art, " is not an inert mass ; and to him, who can comprehend 
her vast sublimity, she reveals herself as the creative force of 
the universe — before all time, eternal, ever active, she calls to 
life all things, whether perishable or imperishable." 

ByAniting, under one point of view, both the phenomena of 
our own globe and those presented in the regions of space, we 
embrace the limits of the science of the Cosmos, and convert 
the physical history of the ^lobe into the physical history of the 
universe ; the one term beu^ modelled upon that of the other- 
This science of the Cosmos is not, however, to be regarded 
as o mere encycloptedic a^regation of the most important and 
general results that have been collected tt^ther from special 
branches of knowledge. These results are nothing more than 
the materials for a ^'a£t edifice, and their combination cannot 
constitute the physical history of the world, whose exalted 
part it is to show the sinmltaneous action and the coimecting 
links of the forces which pervade the universe. The distri- 
bution of organic types in different climates and at different 
elevations — that is to say, the geography of plant» and animab 
—differs as widely from botany and descriptive zoology as 
geology docs from mineralogy, properly so called. The 
physical history of the universe must not, therefore, be con- 
founded with the Encyclopadias of the Natural Sciences, as they 
have hitherto been compiled, and whose tiüe is as vague as 
their limits ore ill-defined. In the work before us, partial 
.&cts will be considered only in relation to the whole. The 
higher the point of view the greater is the neoessit^ for a syste- 
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matic mode of treating the subject in language at once ani. 
mated and picturettque. 

But tliought and language liave ever beea most intimately 
allied. If language, 1^ its originali^ of structure, and its 
native richness, can, in its delineations, interpret thought with 
grace and clearness, and if, by its happy flexihOity, it can paint 
with vivid truthfulness the objecto of the eiternal world, it 
reacts at the same time upon uiought, and animates it, as it 
w^, with the breath of life. It is uiis mutual xe-action which 
makes words more than mere signs and foims of thought ; 
and the beneficent influence of a language is most strikingly 
manifested on its native soil, where it has eprong sponta- 
neoush' from the minds of the people, whose character it 
embo£es. Proud of a country that seeks to concentrate her 
strength in intellectual imity, the writer recalls with delight 
the advantages he has enjoyed in being permitted to express nia 
thoughta in his native language ; and truly happy ia he, who, 
in attempting to give a lucid exposition of the great pheno- 
mena of the universe, is able to draw from the depths of 
a language, which through the free exercise of thought, and 
by the efiiisioQB of creative feney, has for centuries past . 
exercised so powerfbl an influence over the destinies of man. 



I TU.TE endeavoured, in llie preceding part of my''woA., to 
expitdn and illustrate by various examples, how the enjoy- 
ments presented by the aspect of nature, varying as they do 
in the sources from whence they flow, may be multiplied and 
ennobled by an acquaintance with the connection of pheno- 
mena and the laws by which they are regulated. It remains, 
then, for me to examine the spirit of the method in which the 
exposition of the phytical description of the universe should be 
conducted, and to indicate the limits of this science, in accord- 
ance with the views I have acquired in the course of my 
studies and travels in various porto of the earth. I trust I 
nay Hatter myself with a hope that a treatise of this nature 
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vill josläfy the tt^ I M^e vealiuad to taapt-hraajwa^ 
(Ukd exonerate me from the reproach of a presnmptiaii that 
mndd be dottUy i«[H:«l^nBible m aicieiitiflo discuaaioa. 

Sefon eutemng npoa the deliaeation of the partial pheao- 
meoft whioh are found to .be attributed in various 'groapg, I 
would QonBidsr a lenr (general queetiaiie intimatelj'iconaectcd 
tDgeÜiei:, and beuiog nip»n the nature of om katowledge »f tibe 
extesnal norld and xt» d^Sferent relations, in fill epochs of 
instoTf Bad in all phasas of intelleotuol advanoement. XTndbr 
äiU bead will be compr^ed the following coneideratioDe >— 

I. The precise limitfi of the physLeal de«cri|)tiiau of the luni- 
verae, Qonaidesad ae a dietdnot-Biaence. 

3. A biief enumeration 'Of lite totality of natural ]dieno- 
mena, presented under tJie >ibim of a ptutnU ddintation of 

8. The infinenoe of the external world on the imagination 
and ieelii^, wbieh has acted in modem times as a powerful 
impute tow^^ the study of natural acienoe, by giving ani- 
mation to .the desoription of distant regions and to the deiinO' 
aldon of natsiral soeneiy, as &r as it is oharooterised by vege- 
table physiognomy, aiid by the cultivation of exoüo plante, 
and their arrai^omeot in well-eontrasted groups, 

4. The history of the contemplation of nature, or the pro- 
gressive development of the idea of the Cosmos, considered 
with reference to the histerical and gec^raphical facts Üiat 
have led to the discovery of the oonnection of phenomena. 

.Theh^hertiiepDintaf view &om which natutal plu^nnfwun 
may be considered, the .moEe necessary it is to circumscribe 
the science within its just limits, and te distinguish it from 
all other analogous or auxiliary studies. 

Physieal cosmography is founded on Üio contemplation of 
all created things,*— all .that exists in q»ace, whether as sab- 
stances or forces.^-that is, all Üie material beings that con- 
stitute the universe. The science which I would attempt to 
define, presents itself therefore to man as the inhabitant of the 
earth, under a twofold fcttm— as the earth itself, and the regions 
of space. It is with a view of showii^ the actual character 
and the independence of the study of physical cosmograpby, 
and at the same tome indicating the -nature of its relations to 
general pht/aiot, dtscripUve natural liittory, geoiogy, and com- 
parative geo^aphy, that I will panK .for a iew joomente ia 
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sf llutt portü« of tlie aÖBoco of the Cosmos whüh con- 
cenu ^ eaiHi. As the histoiy of philoBophy does not con- 
siet of a more materiiil enumeration of the philosophical views 
esteiliaiiied in -difibient ages, neither ahould tLe physical 
d«6(»ption of the unlTeiBe >Se a siniple encyclopedic compila- 
tion c^ the Boienees ^re have enumerated, llie difficulty of 
doBoing the Umil« of istimately-conuected Jtudies has been 
iBcreaaed, beeauae fen: centuries it has been customary to 
deewute nudoui branobea of empirical knowledge by temu 
which «dmit either of too wide or too limited a definition of 
iba ideas vhioh they vere intended to convey, and are, 
bendea, ohjectionable &om bavlng had a different significa- 
tion in thoae nlnwiirnl lai^uag;eB of antiqui^ from which they 
ItftTe been borrowed. The tenna physidogy, physics, natural 
biatory, geology, and geography, arose, ta^ were commonly 
wsad, long before okar idräa were entertained of the diversity 
vS olgeots embiaoed by these sciences, and consequently of 
tiieir .Kcaprocal limitation. Such is the influence of long 
habit up«« langua^, that by one of the nations of Europe 
moat advanoed in civiliaationihe word " phyaic" is applied to 
medicioe, whilst in a society of justly deserved universal 
T^ntaiion, technical chemistry, geology, and astronomy, 
(lHu«ly eaperimental sciences,) ore comprised under the head 
of " Philosophical Transactions." 

An attempt has often been made, and almost always in 
vain, to subatztnte new and mote appropriate terms for theaa 
ancient deaignatLcms, which, notwithstanding their undoubted 
Tagueneea, are now generally understood. These changea 
have been proposed, for tho most part, by those who hav« 
occupied themselves with the general classification of the 
various branches of knowledge, fi:om the first I4)pfarance of 
the great encyolopndia {Margarita PhUosophica) of Gregory 
fieiMh,* prior of the ChartiMise at Friburg, towards the äose 

* The MatparUa Tlälatopläca of Qicgorj Beiidi, Prior of the Char- 
treoie at Friburf , fint appeared under tlie ftjlowing title : ^pilont OKinf* 
•PUlo»opbUe, alüu MargarUa FkilotepAica, traetant dt omtii fftneri Kititi. 
The Heidelberg edition (UB6), uid that of StrnsbnT^ (1504), both bear 
thii title, but the flnt part woa eoppressed in the Friburg edition of the 
nme jear. u well u in the twelTe «abceqnent editiODa which nicceedsd 
mte another, at ihorC iBterrala, till i&Sb. Tbi> work eierciaed a ^eat 
fBflnaics OD Ihe diffaiioa of matbenutical and ptajraieal acieDoei, towacdl 
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of the fifteenth ccntoiy, to Lord Bacon, and from Bacmi to 
D' Alembert ; and m recent timea to an eminent physiciBt, 
Andrf Marie Ampere.* The selection of an inappropriate 
Greek nomenclatin« has, periiaps, been even more prejudicifll 
to the last of these attempts thtm the injudicious useof binaty 
divieioTis, and the esceanve multiplication of groupa. 

. The physical description of the world, confadermg the uni- 
verse as an object of the estemal senses, does undoubtedly 
require the aid of general physics and of descriptive natural 
historr, but the contemplation of all created things, which are 
linked t<^retii^, aad form one whole, animated by internal 
forces, gives to the science we are considering a peculiar cha- 
racter. Phvücal science considers only the general properties 
of bodies ; it is the product of abstraction, — a gcneraUzation 
of perceptible j^enomena ; and even in Üie work in which 
were laid the first foundations of general physics, in tiM 
tight books on physics of Aristotle,^ all the phenomena of 
nature are considered as depending upon the primitive and 
vital action of one sole force, from which emanate all the 
movements of the universe. The terrestrial portion of phy- 
äcal cosmography, for which I would willingly retain the 
esprcssive designation oi physical geography, treats of the dis- 
tnbution of magnetism in our planet wiüi relation to its 
intcnditj and direction, but doe« not enter into a considera- 

thc b^inning of tlie liiteentli eentniy, uid CIuiIm, the louned author of 
L'Jptrfu Siätorijm dn Mttkoda tn Gtontfrie (1337), hu iIkiwii dto 
great importSQce of BeiBch'i Ena/elopadia in the history of matbematies 
it tbe nuddlB agea. I bwn had reconrw to a pauage in the Maryarilm 
PAiUuophica, found onljia the ediCioD of 1513, to elucidate the important 
qaestion of the relationa between the etatementa of the geogrupher of 
Saint-Die, fijlaconiilua (Maitin Wald seemQ Her), the fint who gne ths 
name of America to the New Continent, and those of Amerigo Vespucci, 
Ren J, King of Jenualtm and Doke of Lorraine, ai alio thoee coabdned in 
the celebratni editions of Ptolerny, of 1513 and 1&22. See idt Snunm 
Critique de ia Giogrc^Kie du Notneav Conlintni, el da Pngrii de I'Ji. 
iromnnie Nauligue aux 15e et 16« Sieclet, t. it., pp. 99 — 125. 

• Ampere, Euai tur la Phil, da ScietKa, 1S34, p. 25. Whewell, 
PMbaopky qf the Inductive Science!, vol. ii., p. 277. Tnic, Pentolagy, 
p. 87. 

t All change! in the phydcal world may be reduced to motion. Aria- 
tot., PAyi. Ave., iii., 1 and i, pp. 200, 201. Bekktr, Tui., 1, 8, and 9, 
pp. 250, 262, 265. De Genere et Cnrr., ii, 10, p. 336. Pieudi^ 
AriatoL, Di Mundo, ttp. vi., p. 398. 
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tion of the laws of attitictJon or repulsion of tlie poles, or the 
meana of elicitmg either pemuiiieiit en" transitory electro-mag- 
netic currents. FhyBical geography depicts in broad ontlines 
the even or iixegnlar configuration of continents, the relations 
of rapeificial area, and the diftributioa of contmcntal masses in 
the two henuBphercB, a distribution which ezercisea a power- 
inl influence on the diversil^ of climate and the meteorological 
modifications of the atmosphere ; this eciunce defines the cha- 
racter of mountain-chains, which, having been elevated at dif- 
ferent epochs, constitute distinct systems, whether they run in 
parallel lines, or intersect one another ; determines the mean 
height of continents above the level of the sea, the position 
of Öie centre of gravity of their volume, and the relation of 
the hiEhest summits of mountain-chains to the mean elevation 
of tbeiT crests, or to their proziini^ with the sea-shore. It 
depicts the eruptive rocks as principles of movement, acting 
upon the sedimentary rooks by traversing, uplifting, and inclin- 
ing them at various angles ; it considers volcanoes either as 
isäated or ranged in single or in doable series, and extend- 
ing their sphere of action to various distances, either by rais- 
ing long and narrow lines of rocks, or by means of circles of 
commotion, which expand or diminish in diameter in the 
coutse of ages. This terrestrial portion of the science of the 
Cosmos describes the strifb of the liquid element with the solid 
land ; it indicates the features possessed in common by all 
great rivers in the upper and lovrer portion of their course, 
and in their mode of bifurcation when their basins are unclosed ; 
and shows us rivers breaking through the highest mountain- 
diains, or foBowing for a long time a course parallel to them, 
either at their base, or at a considerable distance, where the 
elevation of the strata of the mountain system and the direc- 
tion of their inclination correspond to the configuration of 
the table-land. It is only the general results <rf compara- 
tive orography and hydrography that belong to the science 
vrhose true limits I am desirous of determinmg, and not the 
special enumeration of the greatest elevations of our globe, of 
active volcanoes, of rivers, and thenumberof their tributaries; 
Oiese details falling rather within the domain of geography 
properly so called. We would here only consider phenomena 
in meir mutual connection, and in their relations to different 
tones of our planet^ and to its physical constitution generally. 
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1 Bcaordiog to analogy of form and compoaition. 
doubtedly oonptitute a nuwt interesting branch o! study, but 
Hity KppeKtam to a apbsnx of ideas having no offioity wüli tbe 
nJbJMt of this vork. 

The deacnption of diS'ereat countries certainly iumishics 
«Birith tJie.-tnoat important materials for the compofiition of 'a 
^lymoal get^rapby ; but the combioatioa of these difEerent 
deactiptioBS, .ranged in series, would aa little give .ue a true 
image o£ Ute general cooEDnuation of tbe irregular surface <^ 
ma globe, as a sucoessiou of all the äoras of different regions 
Tould coBStitate that whicb I designate as a GeograjJty t^ 
Plaut». It is by Bubjeoting isolated obsenvalions to flu 
process of thought, and by combining aod comparing them, 
that we are enabled to discover the relations existing in 
common between the climatic distribution of beings .and the 
individualii^ of organic forms (in the moiphology or descrip» 
tive natural history of plants and ammals) ; aud it is by 
induetioii that we are led to compiehead numerical laws, the 
proportion of natural femilies' to the whole number of species, 
fend to designate the latitude or get^^phical position of the 
nmes in whose plains ecuth oi^gauic form attains the maKimum 
of its development. Considerations of this natuie, by tiieir 
tttidency to generalization, impress a .nobler character on the 

eyaical description of the globe ; and enable us to understand 
w ÜKi aspect, of the scenery, that is to say, the impression 
produced upon the mind by the physiognomy of the vegetation, 
fl^>ends upon the local distcibution, the number, and tbe luzu- 
nance ttf growth of tl^ vegetable forms predominating in the 
general maaa. The ca;talc^ue8 of organised beings, to which 
i*ae formerly eiven the pompous -titie of Systems of Nature, 
present us ynm an admirably connected. airangement by ona- 
^giea of strocture, either in the perfected development of 
th£«e beii^, or in the different phases which, in accordance 
with the views of a spiral evolution, affect in vegetables the 
learee, bracts, calyx, corolla, and fructifying organs ; and tu 
animals, with more or less synuuetrical regularity, the cellular 
•nd fibrous tissues, and their periect or but obscurely deve- 
ioped artioulations. But these pretended systems of nature, 
however iqgenious llieir .mode of classification may be, do not 
^w us oi'gonic beings, as they are distributed in group« 
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tbraa^ont oar idmet, ««co^^ing to their düfevent Teiatian> 
ef latitude and elevatum labvre the level of the .sea, and to 
clünatio infiuooeos, whic^ are owin^ to general eitd often 
TBnr -remote camea. The ultimate um'Of.phjmoal^geegiephy 
n, howerer, as we hare .elveady said, to secognise .uiut^'ia 
the vast diireraity of phenomena, and by the exerciae <ff 
thought and the oombinatiDii of obserrations, to äicceni tha 
fitmBtancy of phenomena in Üie midst of apparent ofaangea. 
In the e^>oaitian of the tM^'estrial portion of the Coamo«, it 
vill occaeioaalfy be .neoesMuy to descend to very Bpeeial 
. &ot8 ; but this will only be in order to recall the conuectioB 
anriating between the actual disteibution of organic being« 
ow the globe, .and the laws of the ideal Dhtaeification f^ 
aatural faEBÜies, analogy rf internal organization, .and pro- 
gEesuTe evolution. 

It &II0WB from these disciUKms on the Umita of Cbe 
TBcious acÖBnoee, and more partunilarly from the dietisctioa 
nhich muat aec««sari}r be niade between deioriptive botany 
(tntspholo^ of TegetaUes) and the geography of plants, that 
in ithe phyncal history of the globe, the innianerabb multitude 
of o^aqised bodiae iriück ombelliBh er»tian are considered 
mther ae<a>iding to :Mnti of AtAitation or »laHant and to 
difieiently inflected iiotharmal bands, than with reference to 
Ibe prineiplee of grsdalion in the development of int^nal 
organism. Notmthitandii^ this, botany and zoology, which 
constitute the deaoriptive natoial history of all organised 
baings, are the rfruitfiil sources whence we draw tlie materials 
oeoesfwy to give a solid basis to the study of the mutual 
nlatüms and eonneetion of phenomena. 

We will here subjoin, one important observation, by vay of 
ehiddating the oonneotion of which we hare spoken. Tbe 
fisit general glance over Üie vegetatiim of a vast extent of a 
GDntmcnt shows us forms the most ^lifi^i mi 1 w^-.g "*'"^ " p «* i^np^ 
Wchideffi, conifene and oa^, in loeal t^proximation to one 
annth»; whilst natural fitmiliea and genera, instead of being 
locally associated, are dispersed as if by chance. This dis- 
persion is, howcrer, only apparent. TTie physical description 
of the globe teaches ns tlüt Tegetation evBrywhere presents 
wmucicaUy oonslant rektions in tho'.dsyelopment of its fonns 
and "tepes ; that in the same climates, 'the species whioh are 
mmtutgin «>e country are replaced in a neighbouring one bv 



DyGoogle 



other species of tlie same fiunilf ; «nd that thü law of ni, 
ttitution, which seems to depend upon some inherent mjr». 
teries of the organism, considered inth reference to its origin, 
maintains in cont%aous regions a numerictil relation between 
tbe species of Tarious great fiuuiliea and the general mass of 
the phanerogamic plants constituting the two fioras. We 
thus find a principle of unity and a primitive plan of dis- 
tribntion revealed in the multiplicity of the distinct orgauixa^ 
tions by which these regions are occupied ; and we also 
dificoTcr in each zone, and diversified according to the femilies 
1^ plants, a slow but continuous action on the aerial ocean, 
depending upon the influence of light — tiie primary condition 
of all oi^anio vitality — on the solid and liquid surface of our 
planet. It might be said, in accordance with a beautiful 
of Lavoisier, that the ancient marvel of the myth 
Lens was incessantly renewed before our eyes, 
extend the course which we have proposed, following 
in the exposition of tiie physical description of the earth to 
the sidereal part of the science of the Cosmos, the delineation 
of the regions of space and the bodies by which they are 
occupied, we shall find our task simplified in no common 
degree. If, according to ancient but unphilosophical forms of 
nomenclature, we would distinguish between physics, that is 
to say, general considerations on Üie essence of matter, and 
the forces by which it is actuated, and chemiairy, which 
treats of the nature of substances, their elementary com- 
iration, and those attractions that are not determined solely 
1 the relations of maas, we must admit that the descriptioQ 
o? the earth comprises at once physical and chemical actions. 
In addition to gravitation, which must be considered as a 
primitive force in nature, we observe that attractions of 
another kind are at work aroimd us, both in the interior 
of our planet and on its surface. These forces, to which 
we apply the term chemical aßnity, act upon mdeculea in 
contact, or at infinitely minute distances from one anoüier,* 

* On the qnestiaii alresdr divnuied b]' Newton, regarding tbe differ- 
ence eziitiag tMtween the uttnction of messea and molecnlHT ettractiDn, 
■ee LApUce, Btpoiilion du Ss^thae da Monde, p. 384, uid mpplement 
to book I. of the Mttamque Cttesle, pp. 3, 4 ; Ksnt, Mttaph. Aitfmg». 
griadt der Natvruiuentehqft, Sam. Werkt, 1B39, bd. v., s. 309 (Mett. 
physical Frinciplea of the Natorü Sdenora) i FecteC, FAyrifM, 1838, 
vol: i., pp. 59—63, 
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and vhidi being differentlf modified by electricity, heat, 
condensation in porous bodies, or by the contact of aa 
intermediate aubatance, animate equally the inoi^anic world 
and animal and vegetable tissues. If we except the small 
asteroids which appear to us under the forms of aerolites 
and shooting stan, the r^ons of space have hitherto pre- 
sented to our direct observation physical phenomena alone ; 
and in tlie case of these, we know only with certainty the 
eäects depending upon the quantitative relations of matter or 
the distribution of masses. The phenomena of the regions of 
space may consequently be considered as infloeuced by simple 
dynamical laws — the laws of motion. 

The effects that may arise from the specific difference and 
&£ heteri^eneous nature of matter, have not hitherto entered 
into our calculations of the mechanism of the heavens. Hie 
only means by which the inhabitants of our planet can enter 
into relation with the matter contained within the regions of 
space, whetiier existing in scattered forms or mtited into 
lai^ spheroids, is by the phenomena of light, Üie propagation 
of lummouB waves, and by the influence universally exercised 
by the force of gravitation or the attraction of masses. The 
existence of a periodical action of the sun and moon on the 
variations of tcirestrial magnetism is even at the present day 
extremely problematical. Wc have no direct experiment^ 
knowledge regarding the propertiea and specific qualities of 
the masses circulating in space, or of the matter of which 
they are probably composed, if we except what may be derived 
from the fell of aerolites or meteoric stones, which, as we 
have already olAerved, enter within the limits of our ter- 
restrial sphere. It vrill be sufficient here to remark, that the 
direction and the excessive velocity of projection (a velocity 
wholly planetary) manifested by these masses, render it more 
than probable that they are small celestial bodies, which being 
attracted by our phmet are made to deviate from their origin^ 
course, and tlius rfech the earth envelo^si in vapours, and in 
a high state of actual incandescence. The fnniiliBr aspect of 
these asteroids, and the analt^ee which th^ present witli 
the minerals composing the et^th'a crust, undoubtedly afford 
ample grounds for snrprwe ;* but, in my opinion, the only con- 
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elusion to be clravn from these fiictfl is, that in genial pkseti 
snd other sidereal masses which, by the inönence of a certtai 
body, hare been agglomerated into rings of Tapoor, and sabi 
sequently into apheroide, being iategrast parts of the soma 
system, and having one common origin, may likewise ba 
compoaed of substances chemically identical. Again, experi.- 
roents with the pendulum, particularly those prosecuted witb 
such rnre precision by Bessel, eonfinn the N-ewtnnian axioms 
that bodies the most heterogeneous in tbeir nature {tta water, 
gold, quartz, granular limestone, and diflferent mas»es of 
agrolites) experience a perfecQy similar degree of aecelemn 
tion from the atttactioD of the earth. To the experijnents of 
tie pendulum may be added the prooft funiiehed hy purely 
nstronomioal obserrations. The ^nost peribet identity of t^ 
mass of ^piter, deduced from the infiuence exercised by Üua 
stiTffendotis planet on its own satellites, on Enche's comet of 
short period, and on the small planets Vesta, JSmo, CereB, ttaA 
Pallas, indicates "with equal certainty, that within the limits of 
actual observation afflractton is determined solely by t^e 
quantify of matter.* 

This absence of any pereeptätle di&rence m the native of 
matter, alike proved oj direct observation and theoretioal 
_ deductions, imparts a high degree of simplieity to the m»- 
ehanism of the heavens. The immeasureaUe extent of the 
regions of space being suhjeeted to lawa of motion alone, the 
sidereal portion of the science of the Cosmos is based on the 
pure and abundant source of mathematdeal astronomy, as is 
the Terrestrial portion on physics, chemistry, and organic 
morpholc^y ; but the domain of these three last-nmned 
sciences embraces the «msideration of phenomena which are 
so complicated, and have, up to the present time, been ibond 
BO little susceptible of the application of rigorcms method, that 
the physical soience of the earth oanuot boast of the same 

Connecticnt, gute Öie tdOovriag results : — Orido of tron 24 j olide of 
nickel, l-2S;gilica, with earthj matter, 3-46; snlphar, K trace; ■=28-71. 
Dr. Mantell'a Wondtrt <tf Ofolo^. 1848. vol, i. p. 51.]— TV. 

■ Poisson, Cotmaäianett del Tfmfi pow VAmiA 183fl, pp. 64—86. 
Bessel, FoggendorFg Annalen, bd, ht., b. 417. Encke, Abhandlur^at 
der Berliner Aeademit, (Trana. of the Berlin Academy.l 1828, a. 257. 
Mitscfaerlich, Lthrlmch der Chemie, (Mintul of Chemurtrr,) 1837, 
M. 1., a. 35«. 
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eert^ty and Bimplic% in Üie expo«itiim of fteta aod tkd< 
mutual connection, which characterise the oele«tifil' pftrtimi m 
the Cosmos. It is not im^Kvbable that the diflbre&ooto wtdoh 
we allnde may flimisb &n explanation of tlie cause' Trfaickj in 
Üie earliest ages of intellectual cidture ainongat tlie Orecte^ 
di)«cted the natural pliiloeophy of Üie Pythagomna iridl 
man ardour to the heaTenly bodies and the vegkttis of spue, 
than to the earth and its productions, and how trough Philo« 
laiis, and sabseqtiently throtigh the analogoiw vw^rn of Aiit- 
tarchns of Samos, and of Selencns of Erfthrea, this scioBM 
has been made more conducive to tiie attainment of a know« 
ledge of the true system rf the wo^ld, than ti» natimil phiie^ 
sopby of the Ionian sohool conld ever be to the phytMOl 
history of the earth. Oivii^ bnt little attentvm to me pro* 
perties and epeeifio d^reneea of mattw flUi^ space, lb« 
great Italian school, in its Doric gravity, turned by pre- 
ferenoe towards all that relates to measure, t» tile form of 
bodies, and to the number and distances of tiw planets;* 
wUlst the Ionian phjttcists äiz«cted their attention to ttiA 
qnalitiea of matter, its true or supposed metamorphoses, and 
to relations of origin. It waa reaerved fbr the powerfbi 
genius of Aristotle, alike profoimdly speculative and ^uctical, 
to sound with equal soccesa the depths of abstifiction and tiw 
ineshanstible resources of vital activity pervading tlie material 
world. 

Several highly distii^nislied treatises on physical geogtaphy 
are pre&ced by an introduction, whose purely astronomicu 
sections are directed to the consideratioa of ibe ewth in id 
■planetary dependence, and as constituting a part of tbat great 
system which is uimated by one ceab^ body, tbe sun. Thii 
coarse is diametrically opposed to the one Which I propose 
following. In order adequately to estimate the dignity of the 
Cosmos, it is requisite that the sidereal portion, termed by 
Kant the natural history of the htavem, diould not be made 
subor£nate to the terr^trial. In tlie science of the Cosmo«, 
accor£ng to the expression of Aristarchns of Samoa, tbe 
pioneer of the Copemiean system, the son with its satellites 
was nothing more than one of the innnmerable stars by which 
■pace i& occupied. The physical history of tiie world must, 

* Corns*!* Qtt&M UmK'tBontm, bi- !•> ■• 3W. 
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iberefore, be^ with the description of the heavenly bodies, 
and witli a geographical sketch of the uUTerse, or I would 
lathet say, a true mty) of the tcorld, such as was traced by the 
bold bond of tbe elder Herschel. If, notwithstanding the 
Bmallness of our planet, the moat considerable space and the 
most attentive consideration be here afforded to that which 
radusively concerns it, this arises solely from the dispropor- 
tion in the extent of our knowledge of that which is accessible 
and ofthat which iä closed to our observation. This subordina- 
tion of the cclestisi to the terrestrial portion is met with in 
the great work of Bernard Varenius,* which appeared in Üie 
midfie of the seventeenth century. He was the first to dis- 
tinguish between general and special geography, the former of 
which he subdivides into an absolute, or properly speaking, 
terrestrial part, and a relative or planetary portion, according 

* Geographia Gtneralii m gaa afectiontt gaieralet tellurit expli- 
eoit/Hr. The oldal: Elierii edition heon data 16S0, the Becoud 1G72, 
vid the tMrd 1681 ; these were published 'at Camhridge, under New- 
toD*i ropeiririOD. Tbi« eiceHant work bj Tarenin» is, in the tme 
ieiue of the worda, a phftical descriptioD of the earth. Since the work 
Sitloria NelurtU de la$ Ittdial, lb90, in which the Jesuit Jonph de 
AcoaU iketehed in lo masterly ■ manaer the delineation of the New 
Continent, questioiis relating to the physical history of the earth itave 
Derer been couBidered with such edmirsble generality. Acoeta a richer 
In original obierratiana, while VareniuB embraces a wider circle of ideu, 
elDce hia aojonm in Holland, which was at that period the centre of vut 
commercial relations, had brought him in contact with a great number of 
well-informed traveUers. Generali» me UniverialU Giographia dicilar 
qtue lellurem in genere contideral aiqae affeclitmei expticai, no» Aabila 
parlieularium regimmm ratione. The general description of the «arlh by 
Vareniiu {Purt Abaolvta, cap. i. — uiL) may be considered as a tteatiae 
of comparative geography, if we adopt the teiin osed by the author him- 
self {Geographia Öimparaliva, cap. iiiiii. — XL.), although this muat be 
underatood in a limited acceptation. We may cite the follavring amongst 
the most remarkable passages of this book ; the enumeration of the 
aystems of mountains ; the eiamination of the relations existing betweea 
their directions and the general form of continents (pp. 66, 76, Ed. 
Cantab.. IGBl); a list of exünct lolcanoes, and soch as were still in a 
slate of actirity ; the discosaion of facta relative to tiie general distribntioD 
of islands and archipelagoes (p. 220); the depth of the ocean relallTely 
to the height of neighbouring coasts (p. 103); the uoiformity of kvel 
observed in all open seas (p. 97); the dependence of cnrrents on the 
prevailing winds; the unequal saltness of tlie sea; the configDratian of 
shores (p. 139); the direction of the winds as the reanlt of differences of 
tempeintiire, Sas. We may fiirther initance the remukable couiidera- 
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to tlie mode of conBidering oar planet either ^tb reference ta 
its Bnrfiice in ita difierent zones, or to ita relations to the gun 
and moon. It redounds to the glory of Vnrenius, that his work 
on General and Comparative Geography ehould in bo high a 
degree have oireeted the attention of Newton. Ihe imperfect 
state of many of the anxiliary Bcienees from which this writer 
was obliged to draw his materials, preTented his work from 
«orresponding to the greatnesa of the design, and it was 
reserved for the present age, and ft>r my own country, to see 
the delineation oi compaiatiTe geography, drawn in its Aill 
«ctent, and in all its relatdons with the history of man, by the 
skiliul hand of Carl Ritter * 

'Soot of Varemni ngnrdiiig the eqniniutiil cnirent from eut to wnt, to 
which he attribatca the origin of the Onlf Stream, bwaning it Cape St, 
Aognstin ind iaming forth between Cnbs uid Florida (p. 140). Nothing 
can be more accarate than his deacription of the cariEat which «kirla the 
western coast of Africa, between Capeij^erd and the island of Fernando 
Fo in the Golf of Guinea. Vareoiiu explains the formation of spo- 
radic islands bf supposing them to be "the raised bottom of the tea:" 
moj/na ipiritwum inclutonm vi, lieul aligtianda numlet e terra prntuioi 
tmr guidam icrihunt, (p. 235]. The edition published bj Newton in 
I6B1 (^auetier el anatdatior) nnfortnoatelf contains no additions from 
tiiis great aatboritj ; and there is sot even mention made of the polar 
comprenion of the globe, although the eiperimenta on the pendnlom by 
Bicher had been made nine jears prior to the appearance of the Cam- 
bridge edition. Newton's Priacipia MaihematKa PhilotopMa NalaraH* 
were not eommnnicated in manuscript to the Royal Society nntil April 
1686. Much uncertainty seems to prevail regarding the birthplace of 
Tarenins. Jccher says it was England, while, according to La Biegra- 
phit Unietrtelle (b. iltü., p. 495), he is stated to hare been bom at 
Amsterdam; but it would appear &om the dedicatory addreu to the 
Bn^omaster of that dty, (see his GeogrtfUa CemparaliM), that both 
suppositions are false. Tarening eipres^y says that he had aooght 
rehge in Amsterdam, "because his naavo mty had been burnt and 
completely destroyed during a long war," words which appear to apply 
,to ÜM north of Germany, and to the devastations of the thirty years' 
war. In his dedicaüon of another work, Dt»eriptio riffni Japonia, 
(Amat. 16*9), to the senate of Hamburgh, Varenina »ay« that he prose- 
cuted his elementary mathemsäcsl studies in the gymnasinm of that city. 
There is, therefore, every reason ta believe that this admirable geographer 
was a native of Germany, and was probably born at Lüneburg, (iri/(*ii. 
Ittm. TAeal., ieS5, p. 2142; Zedier, Univtrial-Ltxieim, toI. iltL, 
1745, p. 1B7.) 

■ Carl Hitter's Erdiunde in Veri'dllHiti zvr ffalitr und zw Gt- 
tekicht« d«t Metuchm, eder allgemeine ttrgltickande Geogngiiit (Oeo- 
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' The enumeiatioii of tbe most important tesalts of the asb*»- 
nomical and pbysioal sciences vhicli im the hiatory of tiiß 
Cosmos radiate towaidE one common foeua, may perhaps, to a 
oertain degree, justify the deaigDation I have given to ay 
yroik, and, oQnsidered wiäiia the oircumsBrifaed limita I have 
proposed to mjself, the undertaking may be esteemed kas 
adTenttirouB than tiie tiue. The introduction of new terms, 
especially with reference to the general results of a scienOQ 
voiqh ought to be aocesaible to äl, has alvays been greatly 
in opposition to my onn p?actiee ; aad whenever I have 
enlaced upon the established nomenclature, it haa only boon 
in the specialities of descriptive botany and zoology, where 
the introduction of hitherto unknown objects rendered new 
names necessary. The denominatisns of phjrsical descriptions 
of the universe, or physical cosmography, which I use mdis- 
criminately, have been modelled upon tiiose o{ physical diacrip- 
tiotu of the tarth, that is to s^, physical geography, terms that 
have long been in oommon iSe. Descartes, whose genius was 
one of the moat powerful manifested in any age, has left us a 
ibw fiagments of a great work, which he intended publishing 
under the title of Mohde, and frit which he had prepared him- 
self by special studies, including even that of human anatomy. 
Hie uncommon, but definite expression of the science of ms 
Cosmos recalls to the mind of the inhabitant of the earth that 
we are treating of a more widely-extended horizon ; of the 
assemblage of ail things with which space is filled, from the 
remotest nebuhe to the climatic distribution of those delicate 
tissues of v^etable nwitter, which spread a variegated eover- 
ingoyer the sui&ce of our rocks. 

The influence of narrow-minded views jieculiar to the 
easier a^a dt dviliaatiDii led in all languages to a coniiisiDn 
of ideas m the synonymic use of the words earth and morld; 
whilst the oommon expressions, voyages round the world, nu^ 
of&e vtorld, aod neui vorid, afford filrther illustrations of the' 
same ccmfusion. The imore noble aad prwasety-defined ex- 
preaeions oS »ystmn of ffie world, the ^anitary world, and crea- 
tion and age of the world, relate either to üie totality of the 
aubstonces by which space is £llcd, or to the origin of the 
iriiole u 
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It wOBiuttumt that, ia the midst of tiie extreme Tariabilitf 
pf phenomezia presented by tiie sui&ce of our globe, and Hi 
aenot ocean hy which it ia Buirousded, uma. should have been 
impressed by the aspcpt of the vault of heaven, and tlie vm- 
fona. and regular movements of the sun and planeta. Thus 
the word Cosmos, which pniuitiTely, in the Homeric ages, 
indicated on idea of order aad hartaaay, was «ubsequenüy 
adopted in scientific language, where it was gradually applied 
to the order observed in the movements of the heavönly 
bodies, to the whole umi^rac, and lien finally to the world 
in which this harmony was reflected to us. According to the 
assertion of Philolaüs, whose fragmentaiy works have been 
go ably comsiented upon by Bö(£h, and confcvmably to the 
general t«stim<Miy of witiquily, Pythi^ras was the furst who 
used the word Cosmos to designate tlie order that reigns in 
the uniTerse, or entire world.* 

Prom the Italian school of philosophy, the expression pa^ed 
XD this significatitm into the language of those early poets oi 

* Kiefoc, in tlie moet ancirat, snil at the aame time njost predsn, 
definition of the word, ngnified Brnanenl («s an adorament for a man, 
a wnffian, or a hone) ; ttken fignmCivelT for ivra^la, it implied the ord» 
ar adoiQuient of a disconne. According to the teatimony of all tiM 
indentE, it <ras P;r*hagonu who fint used the word to deeigiuite the order 
in the uniiene, and the uniTerse itself. Pjtha^ras letl no writings; 
but ancient attestation to the tmth of this aaaertion ifl to be found in 
«ereral pswagea of the fragmentary works of Philolails {Stob., Belog., 
pp. 3&0 and 4GC, Heeren) ; pp. 6Z, 90, in BtSclch's German edition. I do 
Dot, accfH^ng to tiie example of Näke, cite TimKua of Loeris, lince hi* 
authenticity ia doobtfoL Plutardi {Dt Plan. Phil., ii, 1), says in tba 
moat eipreBB manner, timt Fjrtfaagonu gare the name of Cosmos to tho 
oiiiiene on account 61 the order which reigned throughout it; to likewise 
does Galen (flu/. PMI., p. 439;. Thia word, together with its novel 
significatian, passed from the schools of philosophy into the langaage of 
pveta and prose writers. Plato designate« the bearenly bodies by the 
name of I7nm«t, but the order perrading the regions of space he too 
tenns tbeConnOB, indiuhig UmauM, (p. 30 b.) beHyaMof (he world ii 
anonntaf nufuBedinM a nui [KSaitoviimv t/tilrixov). Con^)are Anaiag. 
CUi., ed. Sdianbscb, p. Ill, and PluC, De Plat. Phil., ii, 3) on spirit 
apart from matter, as ibs ordaining power of nature. In Amtotle {Dt 
ualo, I, 9.) Oumss liguifieB "the uDiverse and the order penading it," 
bat it is likewise oonaidered as dWided in space into two parts, — tha 
■Dblnnaiy world, and the woiid above the moon. (JIfef Mr. 1, 2, 1 , and 
I, a, 13, pp. 3B»a, and 34« i, Bekk.) The definition of Cosmos, which 
Phaie-idirädy eked, is taken Irom Pseudo-Aristoteles dt Mvndo, cap. ii. 
(p.'BSl); ttie puet^ referred to is as fcdlowsj Kda/M£ jirri crvvri)fia Jc 
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nature, ParmenideB and Empedodes, and from theuce into 
tie works of prose writere. We will not here enter, into a 
discussion of the manner in which, according to the Pytha- 
gorean views, PhilolaüB distinguishes hetween Olympus, 

ovpavav «ai yns ml tüv Iv niTois wipu^opivtir fiatuv. Afytrai ti 
Koi Jir{jjr>ic KoAos Ji Tüy SXan' riific n tal fiaroirfiqffif, iiiri Seüi' r( cat 
itä Orüv puXarrofHvq, Most of the paaaagea occnrriDg in Greek nriCcn 
on the word Comat, maj be fonnd colketed together in the controTeray 
beliRea Richard Bcntlej and Charles Boyle (Opuicvla Philolagica, 1781, 
pp. 347, iiii ; Diaarlationupimlhe Epullti qf PAalarit, 1B17, p. 2^4) ; 
on the hiHtorical existeuce of Zalencus, l^ialiitor of Lcacria, in Nak^'a 
eicelbait work, Schtd. eril., 1812, pp. 9, IS ; and finally, in Theophilas 
Schmidt, Ad (3mm. cyel. fheor., met. 1, 1 p. ix., I and 99. Taken ia ■ 
more limited MOBe, the word Coamoeis also used in theplaral (Pint., I, 5,) 
either to dedgnate the etars (Stob., 1, p. 914 ; Pint., 11, 13,) or the 
loniunenhle systems scattered like islandi throng^ the immenri.y of 
■pace, and each composed of a sua and a moon. (Anai. Clai., Fnfm. 
pp. 89, 93. 120 1 Brandis, Gach. dtr GriecAüch-RÖmäehm Phitonp'hit, 
b. I., s. 252 (History of the Greco-Roman Philosophy). Esch of 
these gronps forming thus a Dunuu, the anirerse, t6 iräv, the word 
mnst be nnderstood in a wider sense (Plut. ii, 1.) It was not nndl 
long after tlie time of the Ptolemies tiiat the word was applied to the 
earth. Böckh has made known inscriptionB in praise of Trajan and 
Adrian {Carpiu Inter. Grac, 1, n. 334 and 1306) in which SiSv/tDC 

to signify the earth alone. We have already mentioned the singnlar 
division of the rt^ns of space into three parts, the O/ynpiu, Cotmot, 
and Ouronoi, (Slob. 1, p. 4BB! PMlolalls, pp. 94, 202); Ibis disiaion 
applies to the different regions surroiinding that my^rions focos of the 
nniTerse, the 'Earia roH iravrAg of the Pythagoreans. In the fragmentary 
passage in which this division it fbnnd, the term Ouranm dengnates the 
ionermoBtregion, situated betweenthe moon and earth; this U the domain 
of changing things. Tite middle region where the planets circulate in an 
ioTsriable and harmonions order, ia, in accordance with the specisl con- 
Ceptians entertüned of the unlierae, exclurärely termed Camai, wlülst Üit 
word Olgnpiu is nsed to express the exterior or igneous region. Bapp, 
the profound philologist, has remarked, " that we may deduce, aa Pott 
baa done, BfymoJ. I^rieAunftn, th.i., s, 39 snd 252 (Bfjnnol. jReiearc^) 
the word Kfiirfioc from the Sanscrit root 'lud', purificari, by sisuming two 
conditions ; first, that the Greek i in rörrfiaf comes from the palatial c, 
which Bopp represents by 's and Pott by f, (in the same manner as ttKa, 
deem. tBiAun ia Gothic, comes from the Indian word diiaa) ,and next, that 
the Indian J correoponds as a general rule with the Greek (Twj/«ic*«irf« 
OrammaiU, § 99, — ComparatiTe Grammar), which shows the relation of 
K6<rjxoc (for rdSfioc) I'itb the Sanscrit root 'nd', whence is also derived 
EaOafi^C. Another Indian term for the world is gajat (pronounced 
dnitifat), which is, properly q>eaking, flie present participle of flie Tob 
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Unuiua, or *he heavens, and Cosmos, or ho'w tibe same word, 
used in a plural sense, could be applied to certain heaTenly bo- 
dies (the planets) revolving round one central focus of the world, 
or 1« groups of stars. lu this iTork I use the word Cosiqoh in 
conformity with the Hellenic usage of the term subsequently to 
the time of Pythagoras, and in accordance with the precise 
definition given of it in the treatise entitled De Mundo, which 
was long erroneously attributed to Aristotle. It is the assem- 
blage of all things in heaven and earth, the universohtr of 
created things coDstitutii>g the perceptible world. If scien- 
tific terms had not long been diverted from their true verbal 
signification, the present work ought rather to have home the 
tiüe of Cotmography, divided into Uranoffraphy and Oeo- 
ffraphjf. The Romans, in their feeble essays on philosophy, 
imitated the Greeks by applying to the universe the term 

gagämi (I go), the root of which is gt. In rratricting oonehes to tba 
drcla of Hellenic etfmologiee, ire find Ißtymot. M., pp. 532, 12) that 
«ijfffiaC is indmaCel^ sSBOcisCed with lailu, or rather with EuVufiat, whence 
we haie «lao/uvoc or nini/iivoc. Welcker, [Bine ÄWtocAe Cat. in 
Thebn. ». 23, A Cretan colony in Thebes,) «imbinei with this the name 
Kaf/iDc, as b Hesychiiu cä^fiD£ lignifiea a Cretan «uit of am». When the 
Ecientific langnage of Greece wu introduced amongst the Romans, the word 
natndttt, wliich at first had onlj the primary meaning of eiSa/ioc (femala 
ornament), was applied to designate the entire oniiene. Enniai seems to 
have been the first who ventured upon this innoTstion. In one of the 
A'agmeotJ of thia poet, preserved b; HaoDbins, on the occasion o( hi« 
qoairel with Virgil, we find the word used in its norel mode of acceptation. 
" Mvtiditi Cieli vaihu contlilil tilentio" (Sat. vi., 2). Cicero also uya : 
" qutm noi lueenlem mutduia vocamui." (TlmaBi, S. de Univer., cap. i.) 
The Suucrit root burij, from which Pott derives the Latin muniftu, (Stym. 
Fbnch, th. i,, s. 240,) combines the doable sigDJficatioD of shining and 
■doming. Läia designates in Sanscrit the world and people in general, 
in the same manner as the French word moMde, and is deriTcd, according 
to Bopp, from lot (to see and shine) ; it is the same with ihe Sclavtmic 
lOot nejei, which means both iig/tl and world. (Grimm, DeutMcht 
Oramm., b. iii., s. 394, German Grammar.) The word welt, which the 
CermsDi make use of at the present da;, and which was teerali in old 
German, irorold in old Saion, and vtntid in Anglo-Saion, was, according 
to James Grimm's interpietation, a period of time, an age (nEcaimn), 
Tather than a term naed for the world in space. The Etroscsins figured to 
themselves mimdut ss sn inverted dome, sjmmetricaLj opposed to the 
celestial vault (Ottlried ,MllUer'> Elnuien, th. ii., s. 96, Ice.) Taken 
in a still more Limited sense, the word sppears to have signified amongst 
the Goths the terrestrial surfaca girded by sets (morn, iiMn),theni«ri;ari^ 
Utenllj gardtn qfltai, 
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mttndut, whicli, ia its primary meaning, indicated nothiiig 
laore than omtunent, and did not even imply onder or regu- 
larity in tbe disposition c^ paitfl. It it pndMble that the 
introduction into the Lmg^oage of Latium of thi« techmoid 
term as an equivalent for Cosmos, in its double Bonification, ia 
due to EnniuB,* who was a follower of the Italian school, and 
the translator of the writinga of Kjachartnoa and. some of hia 
pnpils, on the Pythagorean philosophy. 

We wovdd first distinguish between the physical Matory 
and the physical detcripHon of the world. lie former, con- 
fieived in the most general sense of the word, oi^ht, if mMe- 
rials for writing it existed, to trace the variations experienced 
by the universe in the course of ages, &om the new stax» 
whiidi htcve suddenly ^»peared and disappeared in the vault 
of heaven, from nebuke dissolving or condensing, — to the first 
stratum of cryptogamic vegetation on the still imperfectly 
cooled surface of the earth, or on a reef of coral uplifted 
from the depths of ocean. The physical deicriplion of ih* 
teorld presents a picture of all that exists in space^-of the 
simultaneous action of natural fontes together vdth the phe- 
nomena which tiiey produce. 

But if we would correctly comprehend nature, we must 
not entirely or absolutely separate the consi4eration of the 
present state of things firoin that of the snccessive phases 
through which they have passed. We caimot form a just 
conception of their nature without looking bach on the mode 
of their formation. It is not organic matter alone that is 
continually imdergoi^ change and being dissolved to form 
new comlnnations. Tne globe itself reveals at every phase 
(tf its existence the mystery of its former conditions. 

We cannot survey the crust of our planet without recog- 
nising the traces of the prior existence and destruction of an 
(wganic world. The sedimentary rocks present a succes- 
Edon of organio forms, associated in groups, which have suc- 
cessively (üsplaeed and succeeded each other. The diltbrent 

* See, on Ennias, the infeniaiii reseadhta ot Leonid Knhner, In his 
OrwuJIiNtm lur Oenhichlt det Verfallt der SämäeAm Slaalt-IUliffiiM, 
1837; ». *l — 15 (Ondiaea of the Historr of the Dfleay of the Eetei- 
Uiihed Religion amangit the Boouun). In all probelrility Ennnu cHd 
ttot quote from writinga of Epiclurmus himaelf, bat from poems compocsd 
fat tbe Dime of that pMloiopher, &nd in accordauce «kh bis vinrai 
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n^^rimpoaed strata thus display to us ihe fennas- and floras of 
different epochs. In tkis sense the description of nature iff 
intimately connected with its history; and tha geolt^isti 
•who is guided by the connection existing amongst the fects 
obseired, cannot form a conception of the Resent nithout 
pursuing, through countless ages, the history of the past. 
In tracing the physical delineation of Üie globe, we bäiold 
the present and the past reciprocally incorporated, a» it were, 
with one another ; for the domain of nature is like that of lan- 
guages, in which etymological research reveals a suoceseive 
development, by showing ue the primary condition of on idiom 
reflected in the fonns of speech in use at the present day. 
The study of the material world renders this reflection of the 
past peculiarly manifest, by displaying in the process of foT- 
mafion rocks of eruption and sednnentary strata, similar to 
üiose of former ages. If I may be allowed to borrow a strik- 
ing illustration from 'äie geological relations by whidi the 
physiognomy of a country is determined, I would say that 
domes of trachyte, cones of basalt, laTa-streams (coiilie») of 
amygdaloid with elongated and parallel pores, and white 
(leposila of pumice, intermised with black scoriie, animate the 
scenery by the associations of the past which they awaken — 
acting, upon the imagination of the enlightened observer like 
traditional records of an earlier world. Their Ibnn is their 
histcty. 

The sense in which üie Greeks and Homans originally em- 
ployed the word history, proves that they too were intimately 
convinced that to &rm a complete idea of the present state of 
the universe, it was. necesaaxy to consider it in its successive 
leases. It is not, however, in the definition given by Valerius- 
. Flaccus,* but in the zoological writings of Aristotle, that the 
word hUtory presents itself as an exposition of the reeults of 
e:q>erience and observation. The physical description of tbe 
world by Pliny the elder, bears the tide of Natural Hi»tory, 
while in the kttera of his nephew it is designated by the 
nobler term of HUtory of Nature. The railier Greek his- 
torians did not separate the descriptions of coimtries from 
the narmtive of event» of which they had been the theatre. 
With these- writers, pby»cal geography and history were long 
intimately associated, and remained simply bnt elegantly 
Uended uqüI the period of the development of political inte.< 
• Anl. Gell,, Nccl. Ati., t, 18. 
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rests, when the agitation in which the Uvea of men were 
passed caused the geographical portion to be banished fitmi 
the history of nations, and raised into an indepmdeut 



thought, we may hope to reduce the immense diTendty of 
j^enomena comprised by the Cosmos to the unity of a prin- 
ciple, and the eridence afibrde^ by rational truths. In the 
present state of empirical knowldige, we can scarcely flatter 
ourselves with such a hope. Experimental sciences, based 
on the observation of the .external world, cannot aspire to 
completeness; the nature of things, and the imperfection of 
our oi^ang, are alike opposed to it. We shall never succeed 
in eshausting the .immeasurable riches of nature ; and no 
generation of men will ever have cause to boast of having 
comprehended the total a^regation of phenomena. It is only 
by distributing them into groups, that we have been able, in the 
case of a few, to discover the empire of certain natural laws, 
grand and simple as nature itself. The extent of this empire 
will no doubt mcrease in proportion as physical sciences are 
more perfectly developed. Striking proo& of this advance- 
ment nave been made manifest in our own day, in the pheno- 
mena of electro-magnetism, the propagation of luminous 
waves and radiating heat. In the same manner, the fruitful 
doctrine of evolution shows uB how, in organic development, 
all that is formed is sketched out beforehand, and how the 
tissues of vegetable and animal matter nniformly arise from 
the multiplication and transformation of cells. 

The generalization of laws, which being< at first bounded hy 
narrow limits, had been appUed edely to isolated ^ups of 
phenomena, acquires in time more marked gradations, and ' 
gains in extent and certainty, as long as the process of reason- 
mg is applied strictly to analogous phenomena; but as soon 
as dynamical views prove insufficient where the specific m^ 
perties and heterogeneous nature of matter come into play, it is 
to bo feared that by persisting in the pursuit of laws we may 
find oui* course suddenly arrested by an impassable chasm. 
Ute principle of unity is lost eight of, and the guiding clue 
is rent asunder whenever any specific and peculiar kind of 
action manifests itself amid the active forces of nature. The 
law of equivalents and the numerical proportions of composi- 
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ticm, SO happily recognised by modem chemists, and pro- 
claimed imder the ancient form of atomic symbols, still 
remains isolated and independent of mathematical laws of 
motion and graTitation. 

Hiose productions of nature which are objects of direct 
obserration may be logically distributed in classes, orders, and 
&milies. This form of distribution undoubtedly sheds some 
light on descriptive natural history, bat tbe study of organ- 
ised bodies, considered in their linear connection, although it 
nay impart a greater degree of imity and simplicity 1o the 
distribution of groups, cannot rise to the height of a classifi- 
cation based on one sole principle of composition and internal 
organisation. As different gradations are presented by the 
laws of nature according to tbe extent of the horizon, or the 
limits of the phenomena to be considered, so there are like- 
wise differenuy graduated phases in the invest^tion of the 
eiternal world. Empiricism originates in is^ted views, 
which are subsequently grouped according to their anal<^ or 
dissimilarity. To direct observation succeeds, althoughTong 
afterwards, the wish to prosecute experiments, — that is to 
say, to evoke phenomena under different determined condi- 
tions. The rational experimentalist does not proceed at 
hazard, but acts under the guidance of hypotheses, founded 
on a half indistinct and more or less just intuition of the c(m- 
nection existing among natural objects or fbrces. That which 
has been conquered by observation or by means of experi. 
mente, leads, by .analysis and induction, to iJie discovery of 
.empirical laws. These are the phases in human intellect 
that have marked tbe difTercnt epochs in the life of nations ; 
and by means of which that great mass of facts has been 
acoumolated which constitutes at the present day the 8<^d 
basis of the natural sciences. 

Two forms of abstraction conjointiy r^ulate our knowledge, 
namely, relations of qtumlilu, comprising ideas of number and 
size, and relations of quahli/, embracing the consideration of 
the specific properties and the heten^neous nature of matter. 
Hie former, as being more accessible to the exercise of thought, 
appertains to mathematics, the latter, from its apparent mys- 
.tenes and greater difficulties, ialls under the domain of the 
chemical sciences. In order to submit phenomena to calcu- 
lation, recourse is had to a hypothetical construction of matter. 
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1^ a comtnnatioii of moleoules and tüxsam, ^(iu»e nan^Mi; 
iwm, position, and polarity determine, modiiy, or vary phe* 
uomena. 

The mytbical ideas long entertained of ÜM imponderatde 
anbstanoes ood vital foroes peonliEir to each mode <^ oi^niza- 
lion, have complicated our viev» genoraUy, and ^ed aa 
uncertsin light on the path we ought to puisne. 

"Die most Tarions forms of intnition have thng« see after age, 
aided in augmentiiig the prodigiaus mass of empinoal knoir'- 
ledge, ^rilich in a>ur own day ha» been enlai^d with 0TO1 
increasing rapidity. The investigating spirit of man stiiTas 
from time to time, with varying swocess, to break throufh 
those ancient forms aod symbols invented, to subject rebeUions 
matter to rules of mechanical conetmetion. 

We are still very fkr awmthetime tt^en it will be possible 
for ns to reduce, by the operation of thou^t, all thaC vre 
neroeive by the senses, to the unity of a raticmai principle. 
It may even be doubted if such a victoiy could ever be 
nobieved in the field of natural philosophy. The oomplioa^ 
tion of phedomena, and the vast extent of the Cosmos, irould 
seem to oppose snoh a result; but even a partial solution of 
tbe problön,— the tendency toward« a comprebension of the 
phenomena of the Tunveise, — will not llie less remain the 
etranal and sublime qim of every investigation of nature. 

In conformity with the character of ray former writingBi at 
•fK& as with the laboun in which I have been engaged durii^ 
my scientific otu^er, in meBsorementa, experiments, and the 
inviestigation of &cta, I limit myself ta the domain of empii- 
lioal ^eas. 

Tie e^mdtioa of mutually connected &ct8 does not exchute 
tie clasatfication of phenomena according to their rational 
connection, the generalization of many ^eaialities in tfae 
gmt mass of observations, or the attempt todiaoover lows. 
Conceptions of the universe solely based upon reason and dK 
{ffineiples of speoulative philosophy, would no doubt assigna 
still more exited aim to tiie soiatice of Idie Cosmos. I am &r 
ftem blaming the efibrts of others scdely because their success 
has hith^to remained yecy doubtfiiL Contsary to the wishea 
and oonnsels of those protbund and powei^bl thinker^ v^ 
hsve given new life to speouladons which were already ihmi. 
liarto the amöenta, systenuof natural phil6M;|^y bar« in oat 
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own countiy £>r gome time past tamed aside ihe minds of 
men from the graver study of maüiematical and phymcal 
sciencee. The abuse of better powers which has led many of 
our noble but ill-judging youth into the saturnalia of a 
purely ideal science of nature has been signalised by the in. 
toxioation of pretended conquests, by a novel and fentastically 
symbolical phraseolc^, and by a predilection for the ibrmuls 
oS a scholostio rationalism, more contracted in its views thai 
any known to the middle ages. I use the expression " abuse 
of better powers," becaxtse superior intellects devoted to phi- 
losophical pursnits and cxpenmental sciences have remained 
strangers to these satumaha. The results yielded by an 
earnest investigation in the path of experiment, cannot be 
at variance with a true philosophy of nature. If there be 
any contradiction, the &iilt must lie either in the unsoundness 
oi speculation, or in the exa^erated pretensioiis of empiri- 
oism, which thinks that more is proved by experiment than 
is actually derivable from it. 

External nature may be opposed to the intellectual world, 
aa if the latter were not comprised wiUiin the limits of the 
fbnner; or nature may be opposed to art when die latter is 
defined as a manifestation of the intellectual power of man; 
bat these contrasts, which we find refiected in the most cid*, 
tivated langut^;eB, must not lead us to separate the sphere of 
natote from t£at of mind, since such a separation would 
reduce the physical science of the world to a mere aggT^;a- 
tion of empiricHil specialitieB. Science does not present itself 
to man, until mind conquers mattery in striving to subject the 
reffldt of experimental investigation to rational combinations. 
Science is die labour of mind applied to nature, but the exter- 
nal world has no real existence for us beyond the image 
reflected within ourselves^ through the medium of the senses. 
As intelligence and forms of speech, thought and its verbat 

rbols, are united by secret and indissoluble links, so does 
externa world blend almost unconsdously to ourselves 
with our ideas and feelings. " External phenomena," says 
Hegel in his PhäoMOphy of Hiatory, " are in some d^ree 
translated in our inner representations." The objective world, 
ecmoeived and reflected within us by thought, is subjected to 
dm etamal and necessary conditions of our intellectual being. 
Hie activity of the mind exerdses itself on the elements flm 
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nished to it Ly the perceptions of the senses. Hus in the 
early ages of mankind there manifests iteelf in the simplK 
intuition of natural fact^, and in the efforts mode to compre- 
hend them, the germ of the philosophy of nature. These 
ideal tendencies vary, and are more or less powerfol, accord- 
ing to the individual characteriatica and moral dispositioiie of 
nations, and to the d^itees of their mental culture, 'whether 
attained amid scenes of nature that excite or phill the imagi- 
nation. 

History has preserved the record of the numerous attempts 
that have been made to torm a tatianal conception of the 
whole world of phenomena, and to recc^nise in the universe 
the action of one sole active force by which matter is pene- 
trated, transformed and animated. These attempts are 
traced in classical antiquity in those treatises on the principles 
of things whicli emanated from the Ionian school, and in 
which all the phenomena of nature were subjected to hazard- 
ous speculations, based upon a small number of observations. 
By degrees, as the influence of great historical events has 
fiivoured the development of every branch of science sop- 
ported 1^ observation, that ardour has cooled, which formerly 
led men to seek the essential nature and connection of things 
by ideal construction and in purely rational principles. In 
recent times, the matbematical portioa of natural philosophy 
has been most remarkably and admirably enlai^ed. The 
meöiod and the instrument (analysis) have been simulta- 
neously peifected. That which has been acquired by means 
so different — by the ingenious application of atomic supposi- 
tions, by the more general and intimate study of phenomena, 
and by the improved construction of new apparatus — is the 
common property of mankind, and should not in our opinion 
now, more than in ancient times, be vrithdrawn from the 
free exercise of speculative thought." 

It cannot be denied, that in this process of thought the 
results of experience have had to contend with many disad- 
vantages; we must not therefore be surprised if in the per- 
petual vicissitude of theoretical views, as is ingeniously 
expressed by the author of Giordano Bruno,* " most men see 
nothing in philosophy but a succession of passing meteors. 
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wliilst even the grander fonns in which she has revealed 
herself share the fate of comets, bodies that do not rank in 
popular opinion amongst the eternal and permanent works of 
nature, hat are regarded as mere fugitive apparitions of 
igneous vapour." We would here remark that the abuse of 
uioDght and the ialse track it too oiWn pursues, ought not to 
sanction an opinion derogatory to intellect, which would imply 
diat the domain of mind is essentially a world of vague jan- 
taetic illusions, and that the treasures accumidated by laborious 
ohaervations in philosophy are powers hostile to its own empire. 
It does not become the spirit which characterises the present 
age, distruatiully to reject every generalization of views, and 
every attempt to examine into the nature of things by the 
procesa of reason and induction. It would be a denial of the 
dignity of human nature and the relati\-e importance of the 
feculties with which we are endowed, were we to condemn 
at one time austere reason engaged in investigating causes 
and their mutual connections, and at another that esercise of 
the imagination whch pnnnpts and excites discoveries by its 
creative powers. 



END OP 1NTB0DÜCTI0K. 
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Whxit the bnmftn mind first attempts to subject to its 
«ontrol the world of j^ysical phenomena, and etrivGa l^ 
meditative contemphttion to pesetrote the rich luxuriance of 
living nature, and ihs mingled web of free and restrioted 
natural forces, man feeb himself raised to a height from 
whence, as he embraces the vast hotiaon, individual things 
blend together in varied groups, and appear as if shrouded in 
a vapoury veil. These figöratiTe expressionB are used in 
ODder to illusfiate the point of view from whence we would 
couüder ihe universe both in its oelestieJ and terrestrial 
sphere. I am not insensible of the boldness of «uch B3X un- 
dertaking. Among all the forms of exposition 1^3 which these 
pages are devoted, there is none more difficult than the general 
delineation of nature, which we purpose sketching, eince we 
must not allow ourselves to be overpowered hy a sense of the 
stupendous richness and variety of the forms presented to us, 
but must dwell only on the consideration of masBcs, either 
possessing actual magnitude or borrowing its semblance from 
the associations awakened within the subjective sphere of 
ideas. It is by a separation and chissifioation of phenomena, 
by an intuitive insight, into the play of ohwure forces, and 1:^ 
animated expressions, in which the perceptible spectacle is 
reflected with vivid tnithfulncBB, that we may hope to com- 
prehend and describe the universal all (i-i sär) in a manner 
worthy of the dignity of the word Coimoa in its signification 
of universe, order of the world and adortimerU of this universal ■ 
order. May the immeasurable diveraity of phenomena which 
crowd into the picture of nature in no way detract from that 
harmonious impression of rest and unity, which is the ultimate 
object of every literary or purely artistical composition. 

Beginning with the depths of space and Uie regions of 
remotest nebul», we will gradually descend through the starry 
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nae -to whicli our aolar g^tem belongs, to our O'wn teiregtrial 
S^ieroid, ciroJed by air and ocean, fLere to direct our atten- 
tioii to ita form, temperature, and magnetic tension, and to 
oooiider the :KiIneas of organic life unfolding itself upon ita 
nu&ce beneath the vivifpng influeace of Üght In thb 
manner a picture of ihß Torld may, with a few etrolces, be 
made to include the realms of infinity no lesB than the minuto 
micTOficopio aniTnal and Tegetable organisma, whi^ exist in 
standing waters, and <mi the weather-beaten surface of our 
roeka. All that can be perceived by the senaes, and all that 
has been acouniulatfd up to tfae present day by an attentive 
and varioualy directed study of nature, constitute tlie materials 
from which this representatimi is to be drawn, whose character 
is an evidemce of its fidelity and truth. But tlie descriptiro 
picture of nature which we purpose drawing, must not enter 
too fiiUy into detail, since a minute enumeration of all vital 
Sonna, natuisl objects and processes is not requisite to tiie 
completenesB of the undertaking. The delineator of nature 
must resist &.e tendency towards endless division, in order to 
avoid the dangers presented by the very abundance of our 
empirical knowledge. A considerable portion of the quali- 
tative properties of matter — or, to speak more in aeeordanoe 
witii tiie language of natnial philosophy, of the qualitative 
expression of forces — is doubtlessly et^ unknown to us; and 
äte attempt perfectiy to represent unity in diversity must 
therefore neceBsorily prove unsucceesful. Thus besides the 
pleasure derived from acquired knowledge, there lurks in the 
nmid of man, and tinged with a shade of sadness, an unsatis- 
fied longing for something beyond tbe present— a striving 
towards regions yet unknown and imopened. Such a sense 
of longing binds still iaster the links which in accordance 
with the supreme laws of our being connect the material with 
the ideal world, and animates the mysterioua relation existing 
betweoi titat which &e mind receivea from without, and tbat 
which it reflects from its own depths to the estemal world. 
If l^en natsre ^nnderatanding by tile term all natural obieots 
and phenomena) be illimitable in extent and contents, it like- 
wise presents itself to the human inteUect as a problem whieh 
eonnot be grasped, and whose solution ia impossible, since it 
requires a knowledge of the combined action of all natural 
faroet. SudIi an a^nowledgmeat ia due where the actual 
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Btate aad prospective development of phen 
the sole objects of direct investigation, which does not Tentiira 
to depart from the strict rules of induction. But althou^ 
the incessant effort to emlirace nature in its universality may 
remain unsatisfied, tiie history of the contemplation of the 
universe (which will be considered in another port of this 
work) will teach us how, in the course of ages, mankind has 
gradually attained to a partial insight into the relative depen- 
dence of phenomena. My duty is to depict the results of our 
knowledge in all their bearings with reference to the present. 
In all that is subject to motion and change in space, the 
ultimate aim, the very expresaiou of physical laws depend 
upon mean tatmerieal mUtet; which show us the constant 
amid change, and the stable amid apparent fluctuations of 
phenomena. Thus the progress of modem physical science 
le especially characterised by the attainment and the rectifi- 
cation of the mean values of certain quantities by means of 
the processes of weighing and measuring. And it may be said, 
that the only remaining and widely difiüsed hieroglyphic 
characters still in our writing — »wmSer« — appear to us again, 
as powers of the CosmxM, although in a wid^ sense than that 
applied to them by the Italian School. 

The earnest investigator delights in the simplicity of nu- 
merical relations, indicating the dimensions of the celestial 
regions, the magnitudes and periodical disturbances of the 
heavenly bodies, the triple elements of terrestrial magnetism, 
the mean pressure of the atmosphere, and the quantity of 
heat which the sun imparts in each year, and in every season 
of the year, to all points of the solid and liquid sur&ce of our 
planet. These sources of enjoyment do not, however, satisfy 
the poet of nature, or the mind of the Jnquirii^ many. To 
Doth of these the present state of science appears as a blank, 
now that she answers doubtingly, or whoUy rejects as un- 
answerable, questions, to which former f^es deemed they 
could furnish satis&ctory replies. In her severer aspect, and 
clothed with less luxuriance, she shows herself deprived of 
that seductive charm with which a dogmatising and symbo- 
lising physical philosophy knew how to deceive the under- 
standing and give the rein to imagination. Long before the 
discoveiT of the new world, it was believed that new lands in 
the fai West might be seen from the shores of the Canaries 
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and Üie Azores. These illusive images were owing not to any 
extraordinary refraction of the rays of light, but produced by 
aa eager longing foe the distant and the unattained. The 
philosophy of the Greeks, the physical views of the middle 
i^es, and eveii those of a more recent period have been 
eminently imbued with the cliarm epringing from similar 
illusive phantoms of the imagination. At the limits of circum- 
Bcribed knowledge, as from some lofty island shore, the ^e 
delights to penetrate to distant regions. The belief in Üie 
nncommon and the wondetful lends a definite outliae to every 
manifestation of ideal creation ; and the realm of &Dcy-~a 
&iry-land of cosmological, gec^oatical and magnetic visions — 
becomes thus involuntorUy blended with the domain of 
r«üify. 

Nature, in the manifold signification of the word — ^whether 
coBfddered as the universality of all that is, and ever will be— 
gß the innei moving force of all phenomena, or as their mys- 
terious prototype — reveob itself to the simple mind and 
ieelings of man as Gomething earthly, and closely allied to 
himselE It is only within the animated circles of organic 
structure that we frei ourselves peculiarly at home. Thus 
wherever the earth unfolds her fruits and flowers, and gives 
Ei>od to countless tribes of animals, there the image of nature 
impresses itself most vividly upon our senses. The impression 
thus produced upon our minds limits itself almost exclusively 
to tl^ reflection of tlie earthly. The starry vault and the 
wide expanse of the heavens, belong to a picture of the uni- 
Tersc, in which the magnitude of masses, the number of 
congregated suns and famtly glimmering nebuls, although 
they excite our wonder and astonishment, manifest themselvea 
to us in apparent isolation, and as utterly devoid of all evi- 
dence of Uieir being the scenes of organic life. Thus even in 
äte earliest physical news of mankind, heaven and earth have 
been separated and opposed to one enolber as an upper and 
lower portion of space. If then a picture of nature were to C(»r- 
respond to the requirements of contemplation by the senses, it 
ought to b^n with a delineation of our native Earth. It should 
depict first the terrestrial planet as to its size and form ; its 
Increasing density and heat at increasing depths in its super- 
imposed solid and liquid strata ; the separation of sea and 
land, and the vital forms animating both, developed in the 
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cellalaT tisvoea of plants and ftnimaJg ; the atmo^therio oceaiiL 
'with ii8 waves aod cnrrents, through which pierce the ibrest- 
crowned nunmits of our mountain chains. After this delinea- 
tiaa of urely telluric relations, the eye would rise to the 
celestial regioug, and the Earth would then, as the well-known 
seat of orennic develc^Hnent, be considered as a planet, occu- 
pying juace in the seriea of Ihoee heavenly bodies which 
ciicle round tme of the immtnerablo host of eeif-liuninous 
stars. This succession of ideas indicates the course pursued 
in the earliest stages of perceptive contemplation, and reminds 
UB of the ancient conception of the " sea-^irt disc of earth," 
supporting the vault of heaven. It begins to exercise its 
action at the spot where it originated, and paaaes &om the 
consideration of the known to the unknown, of the near to the 
distant. It corre^ionda with the method pursued in our 
elementary works on astroDomr, (and which is so admirable 
in a mathematical point of v^ew.) of proceeding from the 
a}q>arent to the real movements of the heaven)^ bodies. 

Another course of ideas must, however, be pursued in a 
work, which proposes merely to give an expositioa of what is 
known — of what may in the present stAte of our knowledge 
be regarded as certain, or as merelv probable in a greater or 
lesser degree — and does not enter mto a consideration of the 
proofs on which such results have been based. Hwe therefor© 
we do not proceed &om the subjective point of view of hninaa 
intereAta. The ter r e s t ri al must be treated only aa a part, 
' subject to the whole. The view of nature oug^t to be grand 
and free, uninfluenced by motives of proximity, social sym- 
pathy, or relative utility. A physical cosmography — a picture 
of he universe — does not begin, therefin«, with the terrestrial, 
bat with that which fills the regions of space. But as the 
sphere of contemplation contracts in dimräisi<«i our peroep- 
tum of the richness of individnol parts, the fiditess of phy- 
sical phenomena, and of the heterogoieons properties of 
matter becomes enlaiged. From the regions' m whidi we 
recognise (mly the dominion of the laws of attraction, we 
descend to our own planet, and to tie intricate play of terres- 
trial fi»i;es. The method here described ibr the dt^ineadoa 
of natore, is opposed to that which most be pursued in esta- 
Uishing conclusive results. The one ammeiates what the 
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Han leama to know the eitersat world through the orguis 
of the senses. Phenomena of light proclaim the esiatenee of 
matter in remotest space, and the eye is thus made the medium 
through which we may contemplate the univerae. The dia- 
coTery of telescopic vision more than two centuries ago, has 
transmitted to latest generations a power, whose limits are 
as yet unattained. 

The first and most general consideration in the Cosmos is Üiat 
of the contents 0/ space, — the distribution of matter, or of crea- 
tion, as we are wont to designate the assemblage of all that is 
and ever will be developed. We see matter either agglomerated 
into rotating, revolving spheres of different density and size, 
or scattered through space in the form of self-luminous vapour. 
If we consider first the cosmical vapour dispersed in definite 
nebulous spots, its state of aggregation will appear constantly 
to vary. Sometimes appearing separated into round or eHip. 
tical discs, single or in pairs, occasionally connected by a 
thread of light; whilst, at another time, these nebulee ocear 
in forms of larger dimensions, and are either elongated, or_ 
Tariously branched, or fau-shaped, or appear like well-defined 
rings, enclosing a dark interior. It is conjectured that these 
bodies are undergoing variously developed formative processes, 
as the ct^mical vapour becomes condensed in conformity with 
the laws of attraction, either round one or more of the nuclei. 
Between two and three thousand of such unresolvable nebnl», 
in which the most powerful telescopes have hitherto been 
unable to distinguish the presence of stars, have been counted, 
and their positions determined. 

The genetic evolution — that perpetual state of development 
which seems to nfcct this portion of the regions of spac^x 
has led philosophical observers to the discovery of the analc^ 
existing among organic phenomena. As in our forests we see 
flie same kind of tree in all the various stages of its growth, 
and are thus enabled to form an idea of pn^ressive, vital 
development ; so do we also in the great garden of the uni- 
Terse recc^nise the most different phases of sidereal formation. 
The process of condensation, which formed a part of the 
doctnnes of Anasimenes, and of the Ionian School, appes» 
to be goii^ on before our eyes. This subject of investigation 
and conjecture is especially attractive to the imagination, tot 
in the study of the animated circles of nature, and of the 
x2 



DyGoogle 



action of oll the maring forces of the uoiverse, the chunii that 
exercises the most powerful infiueiicc on the mind is derived 
less from, a knowledge of that which is, than fi'om a perception 
ofthat which toiU be, even though the latter he nofliiiig more 
than a new condition of a known material existence ; for of 
actual creation, of or^in, the beginning of existence from 
non-existence, we have no experience, and can therefore form 
no conception. 

A comparison of the various causes influencing the develop- 
ment manifested by the greater or less degree of condensation 
in the interior of nebuhe, no less than a successive course of 
direct observations have led to the belief that changes of 
fotm have been rect^ised £rst in Andromeda, next in the 
constellation Argo, and in the isolated filamentous portion of 
the nebula in Orion, But want of uniformity in the power of 
the instruments employed, different conditions of our atmo- 
sphere, and other optical relations, render a part of the results 
iavahd as historical evidence. 

■ Nebulous stars must not be confounded either with irregu- 
larly-shaped nebulous spots, properly so called, whose separate 
parts have an unequal degree of brightness (and which may 
perhaps become concentrated into stars as their circumference 
contracts), nor with the so-called planetary nebulas, whose 
circular or slightly oval discs manifest in nil their parts a 
perfecüy uniform degree of feint light. Nebulous stars are 
not merely accidental bodies projected upon a nebulous ground, 
but are a part of the nebidoua matter constituting one mass 
with the body which it surrounds. Ihe not unfrequently con- 
siderable magnitude of their apparent diameter, and the 
remote distance from which they are revealed to us, show, 
that both the planetary nebulee and the nebulous stars must 
be of enoimous dimensions. New and ingenious considera- 
tions of the different influence escreised by distance* on the 
intensity of light of a disc of appreciable diameter, and of a 
sii^le self-luminous point, render it not improbable, that the 
planetary nebulffi are very remote nebulous stars, in which 

* The optical coosldemtionB relative to the difference presented b}' a . 
ringle luminous point, snd hj a disc subtending an appreciable angle, in 
which the intenidt; of light is constant at every diatance, are explained 
In Arago'a Analvse dei Traxavx de Sir William HentM, (Atmvair» 
At Bureau des Long., 18i2, pp. il0-il2, and ijl.) 
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tlie tU&reitce between the central body and ihe suiroimdrng 
nebidooB coveting can no longer be detected 1^ our teleBCOpic 
ingtnunenta. 

The magnificent zones of the nouthei'n beavens. between 50° 
and 80°, are especially rich in nebulous afare, and in com- 
pressed unresolTBble nebulee. The latter of the two Mügel- 
Wio clouds, which circle round the stariees, desert pole of the 
South, appears, according to the most recent reBeiirches,* as 
" a collection of dusters of stars, composed of globular clusters 
and nebulw of dififerent magnitude, and of large nebulous spots 
not resolrable, which producing a general brightness in the 
field of view, form as it were the badc-groimd of the picture." 
The appearance of these clouds, of the brightly beaming con- 
stellation Ai^, of the Milky Way between Scorpio, the 
Cent&ur and the Southern Cross, the picturesque beauty, if 
one may so speak, of the whole expanse of the Southern 
celestial hemisphere, has left upon my mind an inefihceable 
impression. T^e zodiacal light which rises in a pyramidal 
fiiiin, and constantly contributes, by its mild radiance, to the 
external beauty of tie tropical nights, is either a vast nebulous 
ring, rotating between the Earth and Mara, or, less probably, 
the exterior stratam of the solar atmosphere. Besides these 
luminous clouds and nebule of definite form, exact and corres- 
ponding observations indicate the existence and the general 
distribution of an apparently non-luminous infinitely-divided 
matter, which possesses a force of resistance, and manifests its 
' 1 Encke's, and perhaps also in Biela's comet, by 
; their eccentricity and shortening their period oi 

* Tbe two Msgelluiic clond^ Nnbecola m^jor and N^ubecaU minor, 
»re very remarkable olyeots. The larger of tlie two ia an accumulated 
mam of sturs, and conaists of clusters of stars of irregular form, either 
oonical masses or nebnlie of diSerent magnitudes and degrees of con- 
densation. This is inteispeiscd with nebulous spots, not resotvable into 
■tsnt, but which are probably gtar dust, appearing only as a general 
radiance upon the telescopic field of » twenty-feet reflector, and formiug 
a luminous ground on which other objects of Btriting and indescribable 
form are scattered. In no other portion of the heavens are so many 
nebnlong and stellar maesea thronged together in an equally amall space. 
Nubecula minor is much less beautiful, has more unrcEolvable nebnlons 
U^t, whilst the stellar manes are fewer »nd Eainter in iotensity.— (Fron 
»letter of Sir John Herschel, Feldhuyseii, Cape of Oood Hope, 13t^ 
Jnue, ISSe.) 
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nrolution. Of this impecliii^, etherial, and coHiaioal matter, 
it may be supposed that it is in motion ; that it graTitates not- 
witlutanding its original tenuity ; that it is condensed^ in the 
vicinity of the great mass c^ the Sun ; and finally, that it may, 
fbr myriads of ages, have been augmented hv the vapov 
emanating &om the tails of comets. 

If we now pass from the consideratioa of toe Taporous 
matter of the immeasurable regions of space (miparoi j^ijproc)* — 
whether, scattered without d^nite fonn and limits, it exists 
AB a cosmical ether, or is condensed into nebulous spots and 
becomes compiaed among the solid agglomerated bodies of 
tiu universe — we approach a class of phenomena exclusiveW 
designated by the term of stan, or as the sidereal worla. 
^re, too, we find difierences existing in the solidity or den- 
Bty of the spheroidally a^lomerated matter. Our own solar 
syatem presents all stages of mean density (or of the relation 
tavolume to duim). On comparing the planets fi^m Mercury 
to Man with the Sun and with Jnpiter, and these two last 
named with the yet infferior density of Saturn, we arrive, by a 
deoocmding scale, — ta draw our illustration from terrestrial 
substances, — at the respective densities of antimony, htmey, 
water, and pine wood. In comets, which actually constitute 
the most considerable portic»i of our solar system with respect 
to the number <^ individual forms, the concentrated part, 
usually termed the iead, or nvcleus, transmits sidereal light 
unimpaired. The mass of a comet probably in no case equals 
the five thousandth part of that of die earth, so dissimilar are 

* I ehoald hllTe made use, in Ibe place of guden of the univer ee, of 
the beautiful expression x^P^os «f'p'^yov, bonowed by He^chiue fr on 



unknown poet, Hx^pfc had not rather dgnified in geneial an oncloBed 
nace. The cooneiion with the Oerman Oarten, and the English gar- 
atn, garde In Gothic (deiired, according to Jacob Qiimm, From gair- 
dtm, to gird), is, hoTever, evident, as is likewise the sffioit; with 
the Sclavoiiic grad, gorad, and aa Pott remaris, in hia Elymol. For- 
*cAun?«n, tb. i, a. 144 (Etymol. Eeseorcbes), witb tbe lÄtin etor«, 
lAence we hare the Spaniah corle, the French cour, and the Eugli^b word 
eaiat, Wgcther with the Oasctic ihwrt. To these maj Ije further added 
the ScandiaaTiaa ga.rd\ gArd, a place encloeed, a£ a court, or a oauntry 
seat, and the Pereian gerd, gird, a district, a circle, a princely coao(i7 
seat, a castle or dty, la we Gnd the tenu applied to the names of place* 
in Z'irdaai's Schahnameh, as Siyatcoischi/iTd, Darabgird, &c. 
• [This word ia written gaard in the Danish.]— IV. 
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the form&tiTe processes niaidfested in Has origmal and per- 
Juipe atiU progressive agglomentiotiB of matter. In proceed- 
iag from general to Bpecial considerattoiiB, it leaa particularty 
durable to draw attention to this diversity, not merely as a 
posaible, but as an actually prored &ct. 

Hie purely specnlatiTe conclusions arrived at by Wri^it, 
Eant, and lAmbert, concerning the general structural ar- 
wngeroent of the mÜTerse, and of the dietribution of matter 
in space, have been confirmed by Sir William Hersche) <bi 
the more certain path of observation and measurement. That 
great and mthusiastic, although cautious obserrer, was ihe 
first to sound the depths of heaven in order to determine tte 
limits and form of the starry stratum which we inhabit ; and 
he too was the first who ventured to throw the light of invei' 
tigation upon the relations existing between the position and 
distance of remote nebnlEC and our own pMtionof the sidereal 
universe. William Herschcl, as is well erpressed in the ele- 
gant inscription on his monument at Upton, broke throu^ 
the inclosures of heaven (^caslorum pemtpit elauslra), and, lite 
another Columbus, penetrated into an unknown ocean, from 
which he beheld coasts and groups o( islands, whose true posi- 
tioa it remains for fiiture ages to determine. 

Considerations regarding the difierent intenäty of l^ht in 
stars, and their relative number, that is to eay, their nume- 
rical frequency on telescopic fields of equal magnitude, have 
led to the assumption of unequal distances and distribution in 
space in the strata which they compose. Such assumptions, 
in as &ir as they may lead us to draw the limits of the indi- 
vidual portions of the universe, cannot oSer the same d^ree of 
mathematical certainty as that which may be attained in all 
tiiat relates to our solar system, wheüier we consider the 
rotation of double stars with unequal velocity round one com- 
mc»i centre of gravity, or the apparent or true movements of 
all äie heavenly bodies. If we take up the physical descrip- 
ti<Hi of the universe from the remotest nebulfe, we may be 
inclined to compare it with the mythical portions of history. 
The one begins in the obscurity of antiquity, the other in that 
of inaccessible space ; and at the point where reality seems to 
flee before us, imagination becomes doubly incited to draw 
from its own fidness, and give definite outline and pcnnanenoe 
fobjecto. 
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If WC compare the regions of tiie uaiverse with one of the 
Üland'Studded seas of our own planet, we may imagine mat- 
ter to be distributed in groups, either as unreBoWable nebuln 
of difierent ages, condensed aiound one or more nuclei, or as 
already agglomerated into clusters of stars, or isolated sphe- 
roidal bodies. The cluster of stars, to which our cosmical 
island belongs, forms a lens-shaped, flattened stratum, detached 
on ■ erery side, whose major asis is estimated at seven or 
eight hundred, and its minor one at a hundred and fifty times 
th» distance of Sirius. It would appear, on the supposition. 
that the parallax of Sirim is not greater than that accuratelj 
determined for the brightest star in the Centaur (0'-9128), 
that light traverses one distance of Sirius in three years, 
whilst it also follows from Bessel's earlier excellent Memoir* 
on the paraUas; of the remarkable star 61 Cygni (0°-3483), 
(whose considerable motion might lend to the inference of 
great proximity), that a period of nine years and a quarter is 
Teqnired for the transmission of light from this star to our 
pliuiet. Our starry stratum is a disc of inconsiderable thick- 
ness, divided a tlurd of its length into two branches ; it is 
■apposed that we are near this division, and nearer to the 
re^on of Sirius than to the constellation Äqiiila, almost in 
the middle of the stratum in the line of its thickness or minor 

This position of our solar system, and the form of the whole 

• 9eo Maclear'a " RuuUi from 1839 to 1840," in the Trant. of th« 
ÄMronomiecU Bon., voL lü. p. 370, oo a Centauri, the probable mein 
error bsing 0'-D6J0. For SI Cygtü, see Beasel, in Sdumucher's Jahr-. 
blich, 1839, s. i1, aod Schumuher'a Aitrtm. Nachr., bd. zviii. 8. 401, 
402, probftble mean error, 0"'0H1. With reference to the relative 
diitancM of itarg of different magnitndea, how those of the third mag- 
nitude maj probably be three times more remote, and the manner 
In irbjch ve represent to oursetveB the material anangement of the 
■tan7 slrala, I have fbund the following remarkable passage in Kepler's 
Epiiimt AtroTuimia Copfmicamn, 1818, t. i. lib, 1, p, 84-39 :— 
" Sol hie muter nil aliud ttt quam taut ec foM, nohia major tt darior 
vim, quia propior quamfaa. Pont lerram ttart ad latwi, una lemi- 
äiameiro via laete9, tunc hoc via laOta apparebit circuZu* parmu, 
vei eUipna parva, tola dedinana ad lalua cUlerum, eritque nmid una 
''~' '' eonmieua, qua nunc non poteat nut dimidia eonapid, quovit 
to. ItaqaeSa ' .... . ■ 



ItaqutßsiaTvviaphceranonUadamorbe tt^a'r\tm,»tdetiam 
«ireuto taeti4 remit noi deormn tH Urmitiaia," 
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discoidal stratum, have been tnfbired fi-om sidereal scales, that 
is to say, bom that method of coimtiog the stars to vhich I 
have abeadf alluded, and which is b»ed upon the equidis- 
tant Bubdivision of the telescopic field of view. The relative 
depth of the stratum in all directions is measured by the 
greater or smaller number of stars appearing in each division. 
These divitdons give the length of the lay of vision in the some 
manner as we measure the depth to which the plummet boa 
been thrown, before it reaches the bottom, although in the 
cose of a starry stratum there cannot, correctiy speaking, be 
any idea of depth, but merely of outer limits. In the direc- 
tion of the longer axis, where the stars lie behind one another, 
the more remote ones appear closely crowded together, united, 
as it were, by a milky-white radiance, or luminous vapour, 
and are perspectively grouped, encircling as in a zone the 
visible vault of heaven. This narrow i^d branched girdle, 
studded with radiant light, and here and there interrupted by 
dark spots, deviates only by a &w degrees from forming a 
perfect large circle round the concave sphere of heaven, 
owing to our being near the centre of the leige starry cluster, 
ond almost on the plane of the Milky Way. If our planetary 
system were for outside this cluster, the Milky Way would 
appear to telescopic vision as a ring, and at a still greater 
distance as a resolvable discoidal nebula. 

Amongst the many self-luminous moving suns, erroneously 
called Jixed »tars, which constitute our cosmical island, our 
own sun is the only one known by direct observation to 
be a cmärtd body in its relaticmg to spherical agglomerations 
of matter directiy depending upon and revolving round it, 
either in the form of planets, comets, or aerolite-asteroids. 
As &r as we have hitherto been able to investigate multiple 
stars (double stars or suns), these bodies are not subject, 
with respect to relative motion and illumination, to the same 
planetary dependence that characterizes our own solar system. 
Two or more self-luminous bodies, whose planets and moon, 
if such efist, have hitherto escaped our tdescopie powers of 
vision, certainly revolve around one common centre of gravity ; 
but this is in a portion of space which is probably occupied 
merely by unagglomerated matter, or cosmical vapour, whilst 
in our system the centre of gravity is often comprised within 
the inn^most limita of a vttHh central body. If, therefore, 
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we regard the Son and the Earth, or the Eaitii and the Uoon, 
as double stare, and the «hole of our fdfmetarr solar system. 
aa a multiple duster of stare, the analogy thus suggested 
iBBBt be limited ta the univovality of the laws of attraction 
m different systems, being ahke applicuble to the independeat 
processes of Ught and to the method of illumination. 

For the generahzatioQ of eoauucal views, corre^onding 
with the plan we hare proposed to follow in giving a delinea- 
tion (if nature or of the iiniverse, the aolar Byetem to which 
the Earth belongs may be considered in a twofold relation : 
frirtly, with reepect to the diSerent clafises of individually 
ai^^ränerated matter, and the relative size, confonnation, 
amaty, and distance of the heavenly bodies of this system ; 
and secondly, with reference to other portions of our stany 
toaster, and of the changes of position <^ its emtral body, the 
Son. 

The solar ngtem, diat is to say, the vanously ibrmea matter 
Erding round the Sun, conaista according to the present state 
of onr knowledge of aJ^xm^r-MMory p&nwf«,* eighteen satelHtee, 

[Since the pablicBUon of Banin Hnmboldt's work, In 184G, eercnl 
other pl&nets blve been discovered, making the number of thoEe be- 
iMiging to onr planetary njBtem sixteen insEcsil of decen. Of these, 
jUteea, Hebe, Flor», »nd Iri» «j* memben rf the rerosiiAble gronp ^ 
asteroids between Mub and Jupiter. Aatze« uid Hebe were diäjovered 
IljHaiekeat Drleaen, the one in 1846 and Uie otber in 1B4T; Flora 
ud Ilia were boUi dlMorered in IS4T b; Mr. Hind, at the South Villa 
ObwrvvUnj, Stent's Part. It would appear from the latest determi- 
BaUoiu of their elementa, that the uu&Ü planetB have the following 
OTder wiüi reqtect to mean diBlance from the Bon : Flora, Irio, Vcfrta, 
Hebe, Astrea, Juno, Ceree, PallaB, (tftbeae, Hots has the ihortest period 
^Aoat 3^ yeare). "nie planet Neptune, which after having been predicted 
fayaavetal aatmnoiaers waa actually observed on the 2Sth of Septembsr, 
184^ is situated on the confines of our pUnctAry system bejond Uranus. 
niB diecoveiy of this planet is not only highly inteieating from the im- 
poitaoee attached to it as a question of »^icnce, bat also from the evideBce 
it affinds of the care and unremitting labour erinced by modem »atro- 
aaaien In the invcstigaUoo and comparisi» of tbe older calculations, 
aed the ingenioos application of Che reeulti thus obtained \o the obeer- 
ntion of new fads. Th« merit of having paved tbe way for the dis- 
eovei7 of the planet Neptnne is duo to M. Bouvard, who in hia peree- 
rering and asaduoua eßbrte to deduce tbe entire orbit of Uianus from 
obaemiliona made during the forty years that saceeeded the diseoreiy 
öfthat planet in ITSl, found the result« yielded by theory to be at vari- 
anea whk bet, in a degree Ükat had no paiallel in thehiatoty cf aitia- 
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or Becondary fd&nets— and myriads of eometB, three of idnch, 
known aa uie " plajietaiy comets," do not pass beyond the 
nairov limits of Üie orbite described by the piincipol planets. 
We may, with no inoMBiderable degree of probability, include 
within the donuun of our Sim, ia tite imnüdi&te inhere of its 
oenttal force, a rotatii^ ring of vaporous matter, lying pm- 
baUy between tbe ormts cf Venus and Mars, but certsjnlj' 

BOfny. Thii)il4Utlingdiat3«paae;,vlikh Beemedonljtogunftdditioiul 
irei^t &om every attempt made 1); M. Bonviird to correct hia calcnja- 
tiong, led Lereirier, sfler a, carefal modification of tlte tables of Bouvard, 
to cetabliBh th« pnnioeition that there wan " a formal incompatibilitf be- 
tween the obBerred inoliODa of tTisnus md the bjpothedB that he wm 
acted OB M^ b7 the Sun and known planets, aocording to the U» of 
nnlTeisal gnritatioa." Punming thk idea, Lenrriei- amT«d at tba 
concIuNon that the disturbing cause most be a planet, and Snail;, after 
-an amoont of labour that seems perfectl; overwhelming, he, on the SUt 
of August, 1848, laid before the French lostitnte a paper, in which he 
btdicatsd tjie eüel spot in the heavena where this new planetarf body 
Venld be finuid, giving the tallowing data tor ite Tarioue elements : 
nean distance &om the Sun, 36-154 ümes that of the Earth; period of 
Kvolatico, 217-387 years; mon long., Jan. 1st, 1817, 318° 47'; ma», 
^; heliocentric long., Jan. 1, 1847, 326° 32'. Essential difficnlties 
stilt intervened, however, andaa the remot^neesof tbe planet rendered 
it improbable Äat its disc would be disceniible bj anj telescopic instru- 
nent, no other means remained for detecting the suspected body but its 
idanetary motdon, which could only be s«certajned b; mapping, aftat 
Gvei; obseTTation, the quarter of the heavens scanned, and by a com- 
paiiBon of the various maps. I'ortanately ibr the verification of Le- 
Terrier'a predictions, Dr. Bremiker had just oompleted a, map of the 
preöie r^on in which it was expected the new planet would appear, 
this being one of a aeries of maps made for the Academy of Berlin, of 
the small stars along the entire zodiac By means of this valuable 
aaaiBtanc^ Dr. Q*lle, of the Berlin Observatory, was led, on the 25th of 
September, 1 846, by the discoveiy of a star of the eighth magnitude, not 
recorded in Dr. Bremiker's map, to make the first obaervation of tbe 
planet predicted by Leverrier. By a singular coincidence, Mr. Adams 
of Cambridge, had predicted the appearauce of the planet simultaneously 
withM. Leverrier; but by the concurrence of severd ckcumst&noes much 
to be regretted, the world at huge were not made acquainted with Hr. 
Adams' valuSible diacovei; until subsequently to the period at which 
Leverrier published his observations. As the data of Leverrier and 
Adams stand at present there is a discrepancy between the redicted 
and the true distance, and in some other elements of the planet; 
it remaina, therefore, for these or future astronomere to reconcile theory 
with &ct, or perhaps, as in the case of Uranus, to make tbe new planet 
' the means of leading to yet greater diseoveiiw. It would a^war tem 
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beyond that of the EarÜi,* 'which appearB to ne ia a pyramidal 
form, and is known aa the Zodiacal Light; and a host of very 
■ntall asteroids, whose orbits either intersect, or very nearly 
approach that of our earth, and which present us with the 
j^enomena of aerolitea and failing or shooting stars. When 
we consider the complieation of varionsly formed bodies whidi 
teTOlve round the Sun in orbits of such dissimilar eccentricity 
—although we m^ not be disposed, with the immortal author 
of the Mecaniqae CilMte, to regard the larger number of cometa 
as nebulous stare, passing from one central system to anothcr,f 
we yet cannot fail to acknowledge that the planetary system, 
especially so called, (that is, the group of heavenly bodies 
which, together with their satellites, revolve with but slightly 
eccentric orbits round the Sun,) constitutes but a small por- 
tion of the whole ^stem with respect to individual numben, 
if not to mass. 

It has been proposed to consider the telescopic planets, 
Vesta, Juno, Ceres, and Pailns, with their more dosely inter- 
secting, inclined, and eccentric orbits, as a zone of separation, 
or as a middle group in space ; and if this view be adopted, we 
shall discover that the interior planetary group (conebting of 
-Mercury, Venus, the Earth, and Mars,) presents several very 
striking contrasts;^ when compared with the exterior group, 
comprising Jupiter, Saturn, and Uranua. The planets nearest 

the most ncent obMrratians, thai the mans of Keptane, inateid of 
being, as at first elated, ^-^ m only about „'.^g that of Uie Sun, whilst 
its periodic time is dot given with a, greater probability at 1 66 jears, 
and its mean diatanee from the 3un oearl; SO. The planet appeals to 
have a ring, but as yet no accarate observations haTc been made regard- 
ing its ajBlem of aateliltes. See Tram. AaCrtm. Sik., and T!ie Plantt 
Ifeptune, 1848, by J. P. NichoU,]— JV. 

' " I! there ahonld be molecules in the zones diSiiaed by the atmo- 
sphere of the Sun of too volatile a nature either to combine with one 
another or with the planets, we must suppose that they would in circlii^ 
round that luminai7 present all the appearances of zodiacal light, with- 
out opposing any appreciable resistance to the different bodies com- 
posing the plftnetaiy syatem, either owing to (heir extreme rarity, or 
to the'ümilarity existing between their motion and that of the planets 
with which they come in contact. " — Laplace, Expos, da Syst, dit Monde, 
(ed. 6.) p. 415. 

t Laplace, JScp, dv Byst. du Monde, pp. 396, 414. 

t Littrow, Aetronomie, 1835, bd. x\. % 107. Mlldler, At^roK^ 
1841, g 212. Laplace, Exp. duSyat. du Monde, p. 210. 
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the Sun, and ooaseqaently included in the inner group, aie 
ot more moderate size, denser, rotate more slowly and nith 
nearly equal velocity, (their periods of revolution being almost 
all about 24 hours,) ore less compressed at the poles, and, with 
the exception of one, are without satellites. The exterior 
planets, which are further removed from the Sun, are verj- 
considerably larger, have a density five times less, more than 
twice BS great a velocity in the period of their rotation 
round their axes, are more compressed at the poles, and if 
six satellites may be ascribed to Uranus, have a quantitatiTe 
preponderance in the number of their attendant moons, which 



Such general considerationB regarding certain chancteristio 
properties appertaining to whole groups, cannot, however, be 
apphed with equal justice to the individual planets of every 
group ; nor to the relations between the distances of the re- 
volving planets from the central body, and their absolute äze, 
density, period of rotation, eccentricity, and the inclination of 
their orbita and the axes. We know as yet of no inherent 
necessity, no mechanical natural law, similar to Qie one 
which teaches us that the squares of the periodic times ore 
proportional to the cubes of the major axes, by which the 
above-named six elements of the planetary bodies and the 
fiirm of their orbit are made dependent either on one another, 
or on their mean distance from the Sun. Mars is smaller 
than the Earth and Venus, although fiirther removed from the 
Sun than these last-named planets ; approaching most nearly 
in size to Mercury, the nearest planet to the Sun. Saturn IS 
«nailer than Jupiter, and yet much larger than Uranus. The 
zone of the telescopic planets, which have so inconsiderable a 
volume, immediately precede Jupiter, (the greatest in size of 
any of the planetary bodies,) if we consider them with regard 
to distance frvm the Sun ; and yet the discs of these small 
asteroids, which scarcely admit of measurement, have an areal 
Burföce not much more than half that of France, Madagascar, 
or Borneo. However striking may be the extremely small 
density of alt the colossal planets, which are furthest removed 
from the Sun, we are yet unable in this respect to recognise any 
i^ular succession.* Uranus appears to be denser thfui Saturn, 
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even if weadoptthesmftUermass.TTKT'»'''"™^^^'^'^'''''"'' 
and notwiUtstanding ihe inconsidWable differeaice ot density ' 
olM^Ted in the innermoet planetary gronp,* we find both 
Yenns &nd Mara lese dense than the Earth, which lies between 
them . The time of rotation certainly diminishes with increasing 
Bolar diatance, but ^et it ia greater in Slars than in the Earth, 
and in Saturn than in Jupiter. The elliptic orbits of Jnno, 
Fallfts, and Mercory, have the greatest degree of eccentricity, 
aad Mars and Venus, which immediately fc^ow each other, 
bave the least. Mercury and Venus exhibit the same cod~ 
tests that may be observed in the four smaller planets, or 
asteroids, whose paths are so closely iuterwoven, 
' Ibe eccentricities of Juno and Pallas are very nearly iden- 
tical, and are each tjiiee times as great as those of Ceres and 
Vesta. The same may be said of tbe inclination of the ortats 
q! tiie planets towards the plane of projection of the ecliptic,. 
or in the poeition of their axes of rotation with relation t» 
tlteir orbits, a position on which the Delations of climate, 
seasons of the year, and length of the days depend moro than 
tti eccentricity. Those planets that have the most elongated 
dliptic orbits, as Jnno, Pallas, and Mercury, hare also, 
although not to the same degree, their orbits most strongly 
inclined towards the ecliptic. Pallas has a comet-hke incli- 
nation nearly t^wenty-six times greater than that of Jnpiter, 
whilst in the little planet Vesta, which is so near Pallas, the 
angle of inclination scarcely by six times exceeds that of Jupiter. 
n equally irregular succession is observed in the position of 
the axes of the few planets (four or five) whose planes of 
rotation we know with any degree of certainty. It would ap- 
pear &am tbe poätion (ä Üie satellites of Uranus, two of whidi, 
the aeoond and fourth, have been recently obsrared with cer- 
tainty, that the asia of this, the outermost of all the planets, is 
scarcely inclined as much as 11° towards the plane of its orbit, 
while Satnm is placed between this planet, whose axis almost 

m the densest of all the heavenly bodiee ; in tbe Epitdme Atiriyn. Co- 
pern, in vii. libros digeeta, 1618-1622, p. 420. LeibiJtialao incline^ 
to the opiniona of Kepler and Otto von Ouericke, tbat the planets in- 
creas« in »oinme in proportion to their increase of distance fixnn the Sn», 
See his letter to the HagdebBi^ Bargomaster (Msj«iiee, 1671), in 
Leibnitz, Detiiachen SchrifUn, Äeraiwff. von Qakraver, th. i. § 564. 

* "n thrnrmnfrnmmt nf iTMiri nrir Fnrtr, in ^rhirm ijtfr ynrlJr 
IMS, Hr. 48S, g 111. 
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coincideB wititi the plane of Ite orbit, aad Jupiter, whoee axis' 
of rotation is Dearly perpendicular to it. 

Ill ÜÖA eoumeratioii of Üie ibrmB which compose the world 
in space, we have delineated them as posseesii^ an actual ex- 
istence, and not as objects of intellectual contemplation, or as 
mere links of a mental and causal chain of connexion. Tha 
planetary system in its relations of absolute size, and relative 
position of the axes, density, time of rotation, and diäeient 
degrees of eccentricity of the orbits, does not appear to oKr 
to OUT apprehension any etnmger evidence of a natural neces- 
sity than the proportiim observed in the distribution of land 
and water on tlie Earth, the configuration of continents, at 
the height of mountain chains. In these respects we can dis- 
cover DO common law in the reg^ions of space or in the ine- 
qualities of the earth's cmst. 'ßiey &tv/acti in natura, that 
have arisen &om the ctmflict of Dianifold forces acting under 
onknown <:onditioD8; although man considers as accidental 
whatever he is unable to explain in the phmetary fomiatifMi on 
purely genetio principles. If the planeta have been formed 
out oi separate rings of vaporous matter revolving round the 
Sun, we may conjecture that the dififerent thicknräs, unequal 
density, temperature, and electro-magnetic tension of these 
rings may have giv^i occasion to the moat various agglomera- 
tiims of nuttter, in the same manner as the amount of tangeDtial 
velocity and small variations in its direction have produced 
so greitt a difference in the forms and inchnatioDS of the 
dliptic orbits. Attractions of mass and laws of gravitatitMi 
have no doubt exercised an influence here, no lesathan in the 
geognostic relations of the elevations of continents ; bnt w« 
are anable from present forms to draw any conclusions regard- 
ing the secies of conditionB through which they have passed. 
Even the so-called law of the distances of the planets from the 
Sun, the |aw of progression, (which led Kepler to conjec- 
ture the existence of a planet supplying the link that was 
wanting in the chaiD of connexicm between Mars and Jupiter) 
has been found numerically inexact for the distances between 
Mercury, Venus, and the Earth, and at variance with the con- 
ception of a series owing to the necessity for a supposition in 
the case of the first member. 

The hitherto discovered prinräpal planets that revolve round 
oar Sun, are attended certainly by fiiurteen, and probaUy 
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by eighteen secondary planets (mooiu or satellites). The 
principal planets are therefore themselTes the central bodies 
of suborciinate Systems. We seem to recognise in the fabric 
of the universe the same process of arrangement so frequently 
exhibited in the development of organic life, where we find in 
tbe manifold combinations of groups of plants or animab, the 
same typical form repeated in the mbordinate claises. The 
secondary planets or satellites are more frequent in the es- 
temal region of the planetary system, lying beyond the inter- 
secting orbits of the smaller plüiets or asteroids ; in the' inner 
r^ou none of the planets are attended by satellites, with the 
exception of the Earth, whose moon is relatively of ^at 
ma^itudc, since its diameter is equal to a fourth of tbat of 
the Earth; whilst the diameter of the largest of all known 
secondary planets — the sixth satellite of Saturn — is probably 
about one-seventeenth, and the laraest of Jupiter's moons, 
the third, only about one twentr-sixth part that of the primary 
planet or central body. The planets which we attended by 
the largest number of satellites are most remote from the 
Sun, and are at the same time the largest, most compressed 
at the poles, and the least dense. According to the most 
recent measurements of bfadler, Uranus has a greater plane- 
tary compression than any other of the planets, viz. 7-^7. In 
oui Earüi and her moon, whose mean distance from one 
another amounts to 207,200 miles, we find that the diäerencee 
of mnss* and diameter between the two are much less con- 
siderable than are usually observed to exist between the 
prineipal planets and their attendant satellites, or between 
bodies of difierent orders in the solar system. Whilst the 
density of the Moon is five-ninths less than that of the Earth, 
it would appear, if we may sufficiently depend upon the 
determinations of their magnitudes and masses, that the 

* If, according to Barcklianilt'a determination, the Mood's radlns be 
&-2TS6 and ita volmne lA» , its denäty will be 06596, or nearly five- 
ninltu. Compare also wm Beer und H, Müdler, der Mond. % 3, 10, 
and USdler, Asl., % 1C7. The material contents of the Moon are, 
according to Hausen, neariy ^ (and according to Mi41er ^^ ) that of 
the Eartn; and its mass eqaal to ,^.^ tbat of the Earth. In the largest 
of Jupiter'» moons, the third, the relaliona of volume to the central bod; 
are j^,- ; and of mass nia- On the polar flattening of Uranu^ see 
Schum. AttroTi. IfaiAr^ 1844, Hr. iSS. 
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eeco&d of Jupiter's moons is actunUj deneer than tliat great 
planet itself. Amongst the fourteen sateliitea, that have been 
mvestigated witii any degree of certainty, the system of the 
seven satellites of Saturn presents an instanec of the greatest 
possible contrast, both in absolute magnitude, and in distance 
from the central body. The sixth of these satellites is probably 
not much smaller than Mars, whiht our moon has a diameter 
which does not amount to more than half tliat of the latter 
planet. With respeet to volume, tke two outer, the sixtii 
and aovenlh of Saturn's eatellit«s, approach the nearest to the 
third and brightest of Jupiter's moons. The two innermost 
of these satellites belong perhaps, tt^ther with the remot« 
moons of Uranus, to the smallest cosmical bodies of our solar 
system, being only made visible under &vourable circum- 
stances by the most powerful instrument«. They were first 
discoTered by the forty-foot telescope of WiUiam Herschel 
in 1789, and were seen again by John Hersehel at the Cape 
of Good Hope, by Vico at Borne, and by Lamont at Munieh. 
Determinations o£ the Inie diameter of satellites, made by the 
measurement of the apparent size of their small discs, are sub- 
jected to many optical difficulties ; but numerical astronomy, 
whose task it is to predetermine by calculatton the motions 
of the heavenly bodies as they will appear when viewed from 
the Earth, is Greeted almost exclusively to motion and mass, 
and but little to volume, Ihe absolute distance of a satellite 
from its central body is greatest in the case of the outermost 
or seventh satellite of Saturn, it« distance from the body 
round which it revolves amounting to more than two millions 
of miles, or ten times as great a distance as that of our motm 
from the Earth. In the case of Jupiter we find that the 
outermost or fourth attendant moon is only 1,040,000 miles 
from that planet, whilst the distance between Uranus and its 
sixth satellite (if the latter really exist) amounts to as much 
as 1,360,000 miles. If we compare, in each of these subordi- 
nate systems, the volume of the main planet with the distance 
of the orbit of its most remote satellite, we discover the exis- 
tence of entirdy new nirmerieal relations. The distances of 
tiie outermost satellites of Uramis, Satom and Jupiter are, 
when expressed in semi- diameters of the main planets, as 
91, 64, and 27. The outermost satellite of Saturn appears, 
therefore, to be removed only about one-fiAeenth further from 



Digniod., Google 



the centre of tliat planet tbaii our moon is from &e Earth. 
The first or innermost of Saturn's eatelUteB ie nearer to its 
central body than any otlier of the secondary planets, and pre- 
aents moreorer the only instance of a period of revolution of 
less than twenty-four hours. Its distance from the centre of 
Saturn may, according to Madler and Wilhelm Beer, be ex- 
pressed as 2*47 semi-diameteTB of that planet, or as 80,088 
miles. Its distance irom iLe suriace of the main planet is 
therefore 47,480 miles, and from the outermost edge of the 
linp only 4916 miles. The traveller may fbrrn to himself an 
-ntmiat« of the emallness of this amount by remembering the 
statement of an enterprising navigator. Captain Beechey, that 
he had in three years passed over 72.800 toiles. If instead of 
absolute distances we take the semi-diameters of the principal 
planets, we shall find that even the first or nearest of the 
moons of Jupiter (which is 36,000 nules further removed 
fruon the centre of that planet than our moon is from that of 
the Earth) is only six semi-diameters of Jupiter from its centre, 
whilst our moon is removed from us fiilly 60^ semi- diameters 
«rf the Earth. 

In the subordinate systems of satellites we find üat the 
eamelaws of gravitation which regulate the revolutions of 
the principal planets round the Sun, likewise govern the 
mutual relations existing between Üiese planets among one 
another, and with reference to their attendant sateUites. The 
twelve moons of. Saturn, Jupiter, and the Earth, all move like 
the primary planets from west to east, and in elliptic orbits, 
-deviating but little from circles. It is oidy in the case of our 
moon, and perhaps in that of the first and innermost of the 
satellites of Saturn (0068) that we discover an ecceutrici^ 
greater than that of Jupiter ; according to the very exact 
observations of Bessel, the eccentricity of the sixth of Satuiii's 
satellites (0029) exceeds that of the Karlh. On the extremest 
limits of the planetary system, where, at a distance nineteen 
times greater than that of our Earth, the centripetal force of 
the Sun is greatly diminished, the satellites of Uianus (which 
have certainly been but imperfbctly investigated) exhibit the 
most striking contrasts from the &ct8 observed with r^ard to 
other secondary planets. Instead, as in al^ other satellites, of 
having their orbits bat slightly inclined towards the ecliptic, 
and (not excepting even Satnm's ring, which may be regwded 
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H a fusion of aggjomerated satellitea) moring firom west to 
eait, tlie satelUtea of ITranuB are almost perpendicular to the 
ecliptio, and more retrogressiTely from eart to west, as Sir 
3o)äi Herscliel has proved by obseirations continued during 
many years. If the primary and secondary planets have been 
formed by the condensation of rotating, rings of eoler and 
^anetary atmospheric Täpour, there muBthave existed singular 
causes of retardation or impediment in the Taporous rmge 
revolving nwmd Uranus, by which, under relations with vrhidi 
Te are unacquainted, the revolution of the second and fourth 
of its satellites was made to assume a direction opposite to 
that of the rotation of the central planet. 

It seems highly probable that the period of rotation of all 
secondary planets is equal to that of their revolution round 
the main planet, and therefore that they always present to the 
latter the same side. Inequalities, occasioned by eUght vari- 
ations in the revolution, give rise to fluctuations of &om 
6* to 8°, or to an wparentlibiation in longitude as well as in 
latitude. Thus, in Uie case of our moon, we sometimes observe 
more ^en the half of its surfiice, the eastern and northern 
«dges being more visible at one time, and the western or 
flonthem at another. By means of tMs libration* we are 
oubled to see the aunnlär mountain Malapert (which occa- 
■ötmally ccmceals the Moon's south pole), the arctic landscape 
round the crater of Gioja, and the large gray plane near 
Sndymion, which exceeds in stnperficial extent the Mare 
Vaporvm. Three-seventtis of the Moon's sur&ce are entirely 
oot»%aled from our obserratioa, and must always remain so, 
unless new and unexpected disturbing causes come into play. 
These cosmical relations involuntarily remind us of nearly 
bimilar conditions in the intellectual world, where, in the 
domain of deep research into the mysteries and the primeval 
creative forces of nature, there are regions similarly turned 
away from us, and apparently unattainable, of which only a 
narrow margin has revealed itself, for thousands of years, to 
tbe human mind, appearing, from tinve to time, either glim- 
mering in true or delusive light. We have hitherto con- 
sidered the primary planets, their satellites, and the concentric 

* Beer sod MKdlcr, op. cil., S 18S. s. 2DS, and § S4T, a S32 ; and in 
their Phye. KenntnUs der kimml Kötzer. B. 4 und 68, Tsb. 1. (Phy. 
local Histoiy of th« Heavenlf Bodiea.) 
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rings wHch belong to one at least of the outermost planets, 
as products of tangential force, and as closely connected 
t<^tber hf mutual attraction ; it, tJierefoie, now only re> 
mains for ua to speek of the unnumbered host of eomelt which 
constitute a portion of the cosmical bodies rerolving in inde< 
pendent orbite round the Sun. If we assume an equable 
distributdon of äieir oiblts, and the limits of Üieir perihelia, 
<xc greatest proximities to the Sun, and the possibility of their 
remaining invisible to the inhabitants of the Earth, and base 
our estimates on the rules of the calculus of probabilities, we 
shall obtain as the result an amount of m3Tiad8 perfectly 
astonishing. Kepler, with his usual animation of expression, 
süd, that there were more comets in the regions of space than 
fishes in the depths of ocean. As yet, however, there are 
scarcely one hundred and fifty, whose palhs have been calcu* 
lated, if we may assume at six or seven hundred the number 
of comets, whose appearance and passage through known 
constellations have been ascertained by more or less precise 
observations. Whilst the so-called classical nations of the 
west, the Gireeks and Romans, although they may occasionally 
have indicated the position in which a comet first appeared, 
never afford any information regardii^ its apparent path, the 
copious literature of the Chinese (who observed nature care- 
fully, and recorded with accuracy what they saw) contains 
circumstantial notices of the constellations through which each 
comet was observed to pass. These notices go back to more 
than five hundred years before the Christian era, and many of 
them are still found to be of value in astronomical observa- 
tions.* 

■ The first comets of whose orbits we have wiy knowledg«, uid which 
were ca1cii1at«d from Chinese ob-'errations, sre those of S40 (ander 
Oordion IID, CSS (under JuBtioian), £65, ees, 674, SSr, 1337, and 
188B. See John Ruesell Hind in Selrani. Attr. Ifachr., 1843. No. *P8. 
Whilat the comet of 837 (jrhieh, according to dn Sejour, coDtinued during 
24 hours within n dialAace of 2,000,000 mileB from the Barth) terrifled 
Lonia I. oi France to that degree, that he busied himself in bnildlug 
dmrches and founding monastic estsbliahmenU, in the hope of ap- 
peasing the evilfl threatened by ila »ppeanmce, the Chinee« astrono- 
mera made obaervaUooa on (he paUi of this coamical bod;, whose tail 
extended over a space of 60°, appeatiug sometimes aingle and some- 
times mulUple. Tbe first comet that has been calculated solely tKm 
Xonnjesn oraervatioDa was that of 1466, known as Hallej's comet, from 
the belief long, but erroneoualy enterüiiwd, that the period «hen 
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Althou^ comets hove a Bmaller mass dian any other eos- 
mical bodies — ^being, according to our preaent knowlei^, 
probably not eqiiol to jo'dj part of the Earth's mass — yet they 
occupy the largest space, as their tails in Beveral toBtaacea 
extend over many millions of miles. The cone of luminous 
vapour which radiates from them has been found, in some 
cases (as in 1 680 and 1 81 1 ). to equal the length of the Earth's 
. distance from the Sun, forming a line that intersects both the 
orbits of Venus and Mercury. It ie even probable that the 
vapour of the tails of comets mingled with our atmosf^ero in 
the years 1819 and 1823. 

Comets exhibit such dirersities of form, which appear lath» 
to appertain to the individual than the daiss, that a description 
of one of these " wondering Jight-clouds," as they were 
already called by Xenophanes and Theon of Alexandria, 
contemporaries of Pappus, can only be applied with caution 
to auodier. The &int«st telescopic comets are generally 
devoid of visible fails, and resemble Hersehel's nebulous stars. 
They appear Hlte circular nebulee of &inüy-glimmer!ng 
vapour, with tlie light concentrated towards the middle. 
This is the most simple type ; but it cannot, however, be 
regarded as rudimeDtary, since it might equally be the type 
of an older cosmieal body, exhausted by exhalation. In the 
lai^r comets we may distinguish both the so-ealled " head " 
or " nucleus," and the single or multiple tail, which is charac- 
teiiatically denominated by the Chinese astronomers " the 
brush." (sui.) The nucleus generally presents no definite out- 
line, although, in a few rare cases, it appears like a star of the 
first or second magnitude, and has even been seen in bright 
sunshine ;* as, for instance, in the large comets of 1402, 1532, 
1677, 1744, and 1843. lliis latter circumstance indicates, in 
particular individuals, a denser mass, capable of reflecting 
light with greater intensity. Even in Ileraohel's large tele- 
it mus Gnst obaetred hj that astronomer iru lu fint tmd <hi1; irell 
«ttesled appwranoe. See Amgo, ia the Annvaire, 1836, p, 204, and 
Langier, Complai rendtu da Utanat de VAtad., 1313, t. ivi. 1006. 

• Arago, Amaiaire, 1832, pp. 209, 211. The phenomenon of the t*ü 
of a comet being viable in bright Bunehine, which ia recorded of ths 
comet ot 1402, occuried again in the cs£e of the lai^e comet of 181S, 
whose nucleus and tdil were seen in North Aicerica, on the 23Ä 
oT Febroary (according to (he tesUmoDf of J. G. Clarke, of Fortlsn^ 
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wope only two comets, tiiat dieoorered in Sicily, in 1807, and 
the iplendid one of 1811, exhibited well-defined discs ;* tho 
one at an angle of 1", and the other at 0"'TT, whence the troa 
diameten ore assumed to be 536 tmd 429 miles. The dia- 
meters of the less well defined nuclei of the comets of 1798 
and 1S0£ did not appear to exceed 24 or 28 miles. 

In sereral cometa that have been investigated with great 
«ire, especially in the above-named one of 1811, which con- 
tinued visible for so long a period, the nuclsns and its nebulous 
envelope were entirely separated from the tail by a AicAer , 
space. The intensity of light in the nnclens of comets does 
not augment towards the oentre in any nniform d^;ree ; 
brightly shining atmea being in many cases separated by 
concentric nebtdons envelopes. Tlie tails smnetimes appear 
single, sometimes, although more rarely, double ; and m the 
comets of 1807 and 1643 the branches were of afferent 
lengths; in one instance (1744) the taE bad six branches, the 
^olc forming an angle of 60^, The tails have been some- 
times straight, sometimes curved, either towards both Mdes, 
or tovrards the side appearing to us as the eiterior (as in 
1811), or convex towards the direction in which the comet is 
moving (as in that of 1616); and sometimes the tail has even 
■ppeared like a flame in motion. The taSs are always tnmed 
away from the snn, so that their line of prolongation passes 
' through its centre ; a feet which, according to Edward Biot, 
was noticed by the Chinese astronomers as early as 837, but 
was first generally made known in Europe by Fracastoro and 
Peter Apian, in the sixteenth century, "fliese emanations may 
be regarded as conoidal envelopes of greater or less thickness, 

State of UJön«), batreen 1 and 3 o'clock in the ifternoon.* The distanco 
of the Tei7 dense nucleus Crom the bus's Ught admitted of being 
measured with much exactness. The uuclemi uid tail appeared like a 
very pure irhitc aloud, a darker apace intervening between the tail and 
the nucleus. {Amer. Jaam. iif Scieiux. voL iIt. Hq. 1., p. 229.) 

• [The trauslatoi was it Nov Bedford, Masnchuaetti, U. 1, on the 28 A 
Februar;, 1813, and dlslluetlj uv the ctHuet, between 1 and 2 in th« 
eftemoon. Tlie «kj at the tims wis intensel; bine, aDd the nm diiuing 
irith a il»TTling brightness unknown in European olimatea] — TV. 

• PA«. Tnau. for 1808, Part II. p. IBS, and for 1812, Part I. p. 118. 
He diameters fbund \fj Herachel for the nuclei were 538 and 428 
English miles. For the jusgnitudes of the oomets of 17S8 and 180ft 
see Anigo, Atawain, 18S2, p. 203. 
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and considered in this nuumer, üiey famish a simple expla- 
nation of many of the remazkable optical ph^iom^ui already 
spoken of. 

Comets are not only characteristically difiWrent in fi>rm, 
some being entirety without a visible tail, whilst others hare a 
tail of immense length (as in the instance of the comet a! 
161S, whose tail measured 104°), bat we also see the same 
comets undei^iag succeasire and rapidly duu^ing processes 
of configuration. These variations of form have been moat 
ftccuratcly and admirably described in the c<miet of 1 744, by 
Hensius, at St. Fetersbo^h, and in Halley's comet, tm its 
last reappearance in 1S35, by Bessel, at Eomgsberg. A nutn 
or less well-defined tuft <rf raya emanated &«m that part of 
the nncleua ^riiich was turned towards the Sun ; and the raya 
being bent backwards, fanned a part of tlie tail. The nudena 
of Halley's comet, with its emanations, presented the appear- 
ance of a burning rocket, the end of which was turned side- 
ways by the force of the wind. Ihe rays issning from the 
head were seen by Aiago and myself, at the Observatory at 
Paris, to assume very diäer^it forms on successive nights.* 
The great Königsberg astronomer concluded &om many 
measurements, and from theoretical considerations, " that the 
cone of Ught issuing from the comet deviated considerably 
both to the right and the left of the true direction of the Son, 
but that it alwa3rs returned to that direction, and passed over 
to the opposite side, so that both the cone of light and the 
body of the comet from \rtience it emanated, experienced a 
rotatory, or rather a vibratory motion, in the plane of the 
orbit." He finds that " the attractive fores exercised by the 
Snn on heavy bodies, is inadequate to explain such vibn^ 
titms, and is of opinion that they indicate a polar force, which 
tnms one semi-diameter of the comet towards the Sun, and 
strives to turn the opposite side away from that luminary. 
The magnetic polarity possessed by the Earth, may present 
some analogy to this ; and, diould the Sun have an om)onte 
polarity, an infiuence might be manifested, resulting m the 
precession of the eqidnoxes." Ihis is not the place to enter 

* Arago, I>ea cAoN^oneRf« pkyiigua d« la Oomit« ds HdUey du 
15-23 Oct., 133S. Annaaire, 18S8, pp. ZIS, 221. Th« ar^naty 
dlnctiou of the emanatioDS n» noticed sren in Nero's time. " Coma 
ndioa 6olü egiigimL" Sbbmi, Nat. 4um«<-. vü. 3D. 
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more fiilly upon tfae grounds on wliich explanatkms of thii 
subject have been based ; but obserrationB so remarkable,* 
and views of so exalted a character, regorduig tlie most 'woO' 
deriul close of the coamicol bodies belonging to our solar system, 
ought not to be entirely passed over in this sketch of a general 
picture of nature. 

Although as a rule the tails of comets increase in magnitude 
and brilliancy in the Tieinity of the sun, and are directed 
away from that central body, yet the comet of 1823 offered the 
remarkable example of two tails, one of which was turned 
towards the Bun, and the other awby from it, forming with 
each other an angle of 160°. Modifications of polarity and 
the unequal manner of its distribution, and of the direction 
in which it IS conducted, may in this rare instance have 
occasioned a double, unchecked, oontinnous emanation of 
nebulous matter,! 

Aristotle, in his Natural PhUotopht/, makes these emana- 
tions the means of bringing the phenomena of comets into a 
eingular connection with the existence of the Milky Way, 
According to his views, the innumerable quantity of stars 
which compose this stony zone give out a self-luminous, in- 
candescent matter. The nebulous belt which separates the 
different portions of the vault of heaven, was, therefore, 
regarded by the Stagirite as a large comet, the sabstance of 
which was incessantly being renewed.J 

• Bessel, in BctuiDacher, A»t. Naehr., I8BS, Nr. 800-S03, s. 188, 
192, IBT, 200, 202, und 230. Also in Scliumacher, Jahrb., 1837, s. 149, 
1ÖS. William HeiBCliel, in Ids oTiserrationa on the beautiM comet of 
1811, believed tlist ho had discovered evidences of the rotation of the 
nueleuB and tail {Phü. Trans, for 1812, Part I., p. 140). Donlop, at 
faramatU, thought the game with reference to the third comet of 1826. 

t Bessel, in Ä»t. Nachr., 1838, No. 302, a. 281. Schum,, Jahrb. 
ISsr, B. ITS. See also Lehmum, (7e&er Comamadnne^fe (On the Tail« 
of Comets), in Bode, AOnm. JaJirb.fOir 1826, a. 168. 

JAriBtot JlfrfeO)-,,i 8,ll-14,undl9-21 (ed. Ideler, t. i., pp. 32-34). 
Biee«, Phil, da ArUloteUt, bd. ii. s. 86. Since Aristotle exercised so 
great an influence throughout the whole of the middle ages, it is very 
much to be regretted that be iraa so avarae to those grander viena of 
the elder Pythagoreans, whicb iaculcated ideaa so nearly approiimating 
to truth, respecting the structure of the unLverM. He aaserta that 
«ometa are tmnaitor; meteors belon^ng to our atmosphere, in the ver; 
book in which he «itea the opinion of the I^üiBcorean ichaol, according 
to »hioh Uies« eoimical bodica are supposed to be planet^ hating long 
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n» ooeultatioii of the fixed stars by the nncleiu of a comet, 
<W by its innermost raporous envelopes, might throw some 
li^t on the physical character of these wonderful bodies ; but 
we ttre vinfbitunately deficient in observationa by which we 
may be assured * that the occuLtation was perfectly central ; 
for, as it has already beeu observed, the parts of the envelope 
contiguous to the nucleus are alternately composed of layers 
of d^se or very attenuated vapour. On the other hand, the 
carefully conducted measurements of Bessel prove, beyond all 
doubt, that on the 29th of Septembw, 183S, the light of a 
star of the tenth magnitude, wnieh was then at a distance of 
T'TS from Ü10 central point of the head of Halley's comet, 
passed through very dense nebulous ntatter, without experi- 

periodi of revolution. (Arlslot, L 6, 2.) TUa Pythigorean doctrine, which, 
accordiag to the tcstimonj of Apollomni Myndins, ma still more 
ancient, having originated vith tit« ChddMnB, paued over to tbo 
Bonuuia, who in this instance, as ms their nsnal practice, vere merely 
the copiers of othera. The Myndian philosopher describes the path of 
comets as directed towards the upper and remote regions of heaven. 
Heoce Seneca say«, in his ^al. Quaet., vii, IT:" Cometa non at gpecUa 
faUa, ted proprium aidti» aimt eolU el lunm : altiora mtindi tecal el 
iunc demmn ajtpartt gtaim in imtim curium sut vtnit ; " and again, 

fat vji. 27,) " Comele» alentoa tue et »ortü ^juidtm, aijtu eatltra 
tidera), etianui faciem illü non Aabejü timiitm." FUny (ii. 2S) 
also refers to ApoUonins Hyndins, when he says : " Sunt gtii et hoc 
»idera perpelua eate credcM luoque amMtu ire, ted non niti relitta a 
tole eemi." 

' 0\hai, in Alt. yachr., 18^6, t. IS"!, 184. Amgo, De la Coiulitulion 
phytigue det Comittt ; Aanuaire de 18S2, p. 203,203. The ancients 
vers struck by the phenomenon that it was passible to see throngji 
comets ss throogh a flame. The earliest evldcnre to be uel wiUi of 
■tar« having been seen through comets, is thatof DemocrituB,(Aristot., 
Meteor., i. 6, 11,} and the slatement leads Aristotle to inake the not 
unlinporlaut remark, that he himself had observed the occultetlon of 
one cl the stars of Gemini by Jupiter. Seneca only speaks decidedly 
of Üie transparence of the tail of comets. " ffe may see," says he, 
" stars throngh a comet as throngh a cloud [Nat. Qutat., viL 18) ; but 
we can only sea through the rays of the tail, and not through the body 
of the comet itself : non in ea parte qua lidua tjuum ett apiaai et 
tolidi ignu, ted gua mrw ephndor occtarit et in crines diipergitar. 
Perinteniailaiffnium,nonperipioi, videt." Ml 26.) The last remark 
is unneceataiy, since, as Galileo observed in ue Sa^giaiore (Lttttra a 
Jlontigaor Cetarini, 1Ö1B), we can certainly see Üironghaflame when 
U is not of too great a thickneBi. 
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eatäng any deflectioa äuring ita passage.* It euch sn absence 
of refiftcting power most be ascribed to the oncleuB of a comet, 
we can Bcarceiy regard tbe matter composing comets as a 
gaseous fluid. The question here arises, whether this absence 
of re&actin? power may not be owii^ to the extreme tenoitj' 
of the fluid f or does the comet consist of separated particles, 
OODstituting a coBmical sla^tum of ctouds, whidi, like the 
clouds of OUT atmoephcre, Üiat exercise no influence oa the 
stenith distance of the stars, does not aSect the ray of light 
passing through it ? In the passage of a comet over a star, a 
more or less considersUe diminution of l^ht has often been 
observed : but this has been justly ascribed to the brightnesa 
of the ground &om which the star seems to stand forth during 
the passage of the comet, 

The most important and decisive obeervatitHts that we 
possess on the nature and the light of comets, are due to 
Arago'a polarization experiments. His ptdariscope instructs 
OS regarding the j^ysical constitution of the Sun and comets, 
indicating whether a ray that reaches ns firom a distance of 
many mifiions of miles, transmits l^t directly, or by reflec- 
tion ; and if the former, whether the source of light is a 
solid, a liquid, or a gaseous body. His apparatus was used 
at the Pang Ohserratt^, in examining the light of Capella, 
and that of the great comet of 1819. The latter showed 
polarized, and therefore reflected light, whilst the £xed star, 
as was to be expected, appeared to be a self-luminous Bun.f 

• Beasel, in the AOron. ya<Ar., 183B, ISo. 301, b. 204, 208. Strnva, 
to Remeil des M^n. de VAead. de St. Peterah., 1838, p. HO, 1*3, tad 
Jrfr. JVacÄr., 1838, No. 303, a. 288, writes as follcn™ : " At Dorpat the 
star ma in. eonjanction onlf 2''2&omthe bri^teat point of tlie cotnct. 
The star remained cootintmlly risiWe, and ita light iraa not perceptibly 
diminished whilst the nudeos of the comet seem«d to be almost ex- 
tingnialied before the ndiauce of tbe small star of the ninth or tenth 
msgnitttde." 

f On the 8d of Jaly, 1819, Ango made the first attempt to »aaljne 
the light of comffts bj polarization, <ra the erening of the sadden ap- 
p«arance of the great comet. I was present at Üie Paria Obserratoiy, 
and was fully conTinced, aa were also Matthieu and the täte Bouvard, 
of the dissimilarity in the intensity of the lig^t seen is the polariacope, 
iriien tbe instrument received ecsnetaty light. When it rcceiTed tight 
&om Capells, irticb was near tbe comet, and at an eqnal altitude, ths 
imag«a were of equal intensity. On the r»Hiear»nceorHaney'8«ime^ 
in. 1S35, the iuBlmment vb6 altered, so n to ^ve, according to Ango's 
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Tba ezistenee of polarized cometary light annoimeed itself not 
only by the inequality of the images, but was jnvved with 
greater certainty on Uie reappearaace of Halley's comet, in 
^e year 1835, by the ijiore BtriMng Contrast of the comple- 
mentary colours, deduced from the laws of chromatic polar- 
ization discovered by Arago in 1811. These beautiful ex- 
periments Btill leave it »mdecided, whether, in addition to 
this reflected solar light, comets may not have light of their 
own. Evan in the case of the planets, as, for instance, in 
Venus, an ev<Jntion of independent light seems very probaUe. 

The variable intensity of light in comets cannot always be 
explained by the position of their orbits, and their distaocö 
Aata the Sun. It would seem to indicate, in some individuals, 
äie existence of an inherent process of condensalion, and aa 
increased or diminished capacity of reflecting borrowed li^it. 
In the comet of leiS, and in that which has a period of i^«e 
years, it was observed first by Hevelins, that the nucleus dt 
the comet diminished at ita perihehon, and enhirged at its 
aphelion, a fact which, after remaining long unheeded, was 
again noticed by the talented astvonomer, Valz, at Nismes. 
T^e regularity of the change of volume, according to the 
different degrees of distance from the Snn, a|^>ears very 
striking. The physical explanation of the phenomenon can- 
not, however, be sought in the condensed layers of coemicBl 
vapour occurring in the vicinity of the Sun, since it is difficnH 
to imagine the nebulous envelope of the nucleus of the comet 
to be vesicular and impervious to the ether,* 

The dissimilar eccentricity of the orbits of comets has, in 
recent times (1819), in the most brilliant manner enriched 
our knowledge of the sc^ar system. Eneke has discov^^ 
the existence of a comet of so short a period of revolution, 



a poUriattioQ, two inugsB of uanplemen'tuy coloura (greea 
and red), (.dnna/esde CAimie, tiiii. p. 108 ; Jnuuaire, 1832, p. 218.) 
"Wb mual conclude from these obserrauonB," »ays Arago, "ÜiiA ths 
cometai? light vas not entirelj composed ot isya having the properties 
o! direct light; them being light which ng i^ected BpecuUfl; or pcdar* 
Ized, "that ii, coming from the son. It cannot be stated with abaolut« 
ceitunt}r, that comet« shine onlj with botrowed light, for bodi«, ia 
becoming self-IaminODS, do cot on that acconnt lose the power ol 
reflectjng foreign light." 

■ Ango, in the Amataire, 1832, pp. 21T-220. Sii John Henchel, 
Ailnm., 9 48S. 



DyGoogle 



93 COSMOS. 

ihat it remains entirely within the limits of our planetary 

sptem, attaining its aphelion between the orbits of the 
smaller planets and that of Jupiter. Its eccentricity must 
be assumed at 0*845, that of Juno (which has the greatest 
eccentricity of any of the planets) being 0-255. Encke's 
comet haa several times, although with difficulty, been ob- 
served by the naked eye. as in Europe in 1819, and, according 
to Rumkcr, in New Holland in 1822. Its period of revolu- 
tion is about 3| years ; but, &om a carefii! comparieon of the 
epochs of its return to its perihelion, the remarkable fact has 
oeen discovered, that these periods have diminished in the 
most regular manner between the years 1786 and 1838, the 
diminution amounting in the course of 52 years to about 
1-^ days. The attempt to bring into unison the results of 
observation and calculation in the investigation of all the 
planetary disturbances, with the view of explaining this phe- 
nomenon, has led to the adoption of the very probable hy- 
pothesis, that there exists, dispersed in space, a vaporous 
substance capable of acting as a resisting medium. This 
matter diminishes the tangential force, and with it the major 
axis of the comet's orbit. The value of the constant of the 
resistance appears to be somewhat different before and after 
üie perihehon; and this may, perhaps, be ascribed to the 
altered form of the small nebulous star in the vicinity of the 
Sun, and to the action of the unequal density of the strata of 
cosmical ether.* These facts, and the investigations to which 
they have led, belong to the most interesting results of 
modem astronomy. Encke's comet has been the means of 
leading astronomers to a more exact investigation of Jupiter's 
mass (a most important point with reference to the calcula- 
tion of perturbations) ; and, more recently, the course of 
this comet has obtained for us the first determination, al- 
though only an approximative one, of a smaller mass for 
Mercury. 

The discovery of Encke's comet, which had a period oi 
only 3^ years, was speedily followed, in 1826, by that of 
another, Biela's comet, whose period of revolution is 6J 
years, and which is likewise planetary, having its aphelion 
beyond the orbit of Jupiter but nittan that of Saturn. It 

*En<Ae,bi the .4«<roii9mu<A«.y(ic&ricUen, ISJS, No. 489, a 130-1E2 
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has a fiiinter light than Encke's comet, and, like tbft 
latter, its motion is direct, whilst HalleVa comet moveH is. 
s conise opposite to that pm-fnied hj the planets. Biela's 
comet presents the {irat certain example of the otbit of a 
comet intersecting that of the Earth. ITiie position, with 
reference to our planet, may, therefore, be productire of dan- 
ger, if we can associate an idea of danffer with so exti-aor- 
dinikry a natural phenomenon, whose hiatery presents no 
parallel, and the results of which we are consequently tumble 
correctly to estimate. Small masses endowed with enor- 
mous velocity may certainly exercise a considerable power; 
but Laplace has shown that the mass of the comet of 1 770 is 
probably not equal to g^a of that of the Earth, estimating 
further with apparent eorreetueas, the mean mass of comets a» 
much below n^m that of the Earth, or about f-ji;^ that of the 
Moon.* We must not confound the passage of Biela's comet 
through the Earth's orbit with its proximi^ to, or collision 
with, ovir ^obe. When this passage took pmce, on the 29th 
of October, 1832, it required a full month before the Earth 
would reach the point of intersection of the two orbits. 
These two comets of short periods of revolution, also inter- 
sect each other, and it has been justly obserred,! that amid 
the many perturbations experienced by such small bodies 
&om the latter planets, there is a possih^ty — supposing a 
meeting of these comets to occur in October — that the inha- 
bitants of the Earth may witness the extraordinary spectacle 
of an encounter between two cosmical bodies, and possibly 
of their reciprocal penetration and amalgamation, or of their 
destniction by means of exhausting emanations. Events of this 
nature, resulting either from deflection occasioned by disturb- 
ing masses, or primeyaUy intersecting orbits, must have been 
of frequent occurrence in the course of millions of years in 

* Lsplace, B^poi. du Syat. du Monde, pp. 21Ö, 2ST. 

f Iiittrow, Btschrtibtnde Attiron., 1836, e. 274. On the innar comtA 
recently dieeovored by M. Faye, at the ObBerralory of Paris, and wlio» 
eccentricity is 0*5S1, its dietsjico at its perihelion 1'690, and its disUace 
at its aphelion 5832, see Schumacher, Aitron. Ifadtr., ] 84*, Ko. 465. 
Bearding the snppoBed identity of the comet of ITflB with the third 
comet of 1819, see Aefr. Nachr., 1833, No. 239 ; and on the identic 
«f the comet of lT43ind thefonxt^oomet of ISlB.ee« No. 237 of the 
lut-mentlMied «mk. 



Digniod., Google 



fte immeamirabte regiouB of ethereal space ; but Üiey must be 
reguded aa isolated occurrenoes, exercisiag no more geMxal 
or alteraÜTe eSbcts on cosmical relations than the breaking 
forth or «rtiaction of a Tolcttno within the limited sphere of 
our Earth. 

A third interior comet, having likevise a short period of 
rerolutiim, was discorered by Faye, on th» 23nd of Novem- 
ber, 1843, at the Observatory at Paria. Its elliptic patlt, 
which approaches much more neaj-ly to a circle thsn Ümt of 
any other known comet, is included within the orbits of Mara 
and Saturn. This comet, therefore, which, according to 
Ooldschmidt, passes beyond the orbit of Jupiter, is one of 
the few whose perihelia are beyond Han. Its period of 
revolution is 7-^ years, and it u not improbable that the 
form of its present orbit may be owii^ to its great opproxi- 
mation to Jnpiter at the oloae of the year 1 839. 

If we consider the comela in their inclosed elliptio orbits 
as members of ow solar system, and trith respect to tlie 
length of their major axes, tiis amount of tbeir eccentricity, 
and their periods of revolution, we äiall probaldy find Üiat 
the tliree planetary comets of Encke, Biela, and Faye, are 
most nearly approached in these respects, first, by the comet 
ditcorered in 1766 by Messier, and which is regarded 1^ 
Clausen as identical with the thud comet of 1BI9; and next, 
by the fourth comet of the lost-mentioned year, discovered by 
Blanpoin, but considered by Clausen as identical with that <» 
the year 1743, and whose orbit appears, like ibat of Lexell's 
comet, to have soSered great variationa from the proximity 
and attraction of Jupiter. The two last-named comets would 
likewise seem to have a period of revolution not exceeding 
five or six years, and their aphelia are in the vicinity of 
Jupit^-'s orlnt. Anun^st the comets that have a period of 
revolution of from seventy to seventy-six years, the £rst in 
point of importance with respect to theoretical and physical 
astronomy is Malley'a comet, whooe last appearance, in 1885, 
was much less briJÜant than was to be expected from preced- 
log ones; next we would notice Olbers' comet, discovered on 
the 6th of March, 1815 ; and lastly, the comet discovered by 
Pons in the year 1812, and whose elliptic orbit has been 
determined by Encke. The two latter comets were invisible 
to the naked eye. We now know vrith certainty of nine 
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ictnrns of Halley's large comet, it having recently been 
proved by Laugier's calciilati<Hi8,* that in toe Chinese table 
of cometa, first made koown to us fay Edward Biot, the comet 
of 1378 is idrattical with Halley's^ its periods of revolution 
kave varied in the interval between 137S and 1835 &om 
74-91 to 77-58 years, the mean being 761. 

A host of outer comets may be contrasted with the cos- 
niical bodies of whu^ we have spoken, requirii^ several 
tiunuand years to perform their orlat«, which it is difBcult to 
determine with any degree of certainty. The beautiiiil comet 
ot ISll reqHires, according to Argelander, a period of 3062 
years for ita revolution, and the coloaaal one of 1680 as much 
«s 8900 years, according to Ekicke's calculation. Hieee 
bodies respectively recede, therefore, 21 and 44 times further 
tiian Uranus from the Sun, that is to sa^, 33,600 and 70,400 
miliums of milea. At this aiotmaaa distance the attractive 
fetee of the Son is still maoiiested ; but whilst the velocity of 
Hie comet of 16B0 at its perihelion is 212 miles in a secMtd, 
tjmt is, thirteeen tames greater than that of the Earth, it 
■earcely moves ten feet in the second when at its aphelion. 
Ulis veloci^ ia only three times greater than that of water in 
«or most slumsh European rivers, and equal only to half 
diat whidi I bare observed in the Cassiquiai«, a branch of 
1h» Orinoco. It is highly prob^Ie, that amongst the innn- 
nerable host of unoalculated ix undiscovered comets, th^« 
ue many wboae major axes greatly exceed that of the comet 
wt 1660. In order to form scmie idea by numbers, I do not 
•ay of the E^Khere of aUxaction, but of the distance in space of 
B fixed star, or other sun, frmn the aphelion of the comet of 
IfiSO (the fitrtbest receding comnicsl body with which we axe 
acquainted in our solar system), it must be remembered that, 
aeoording to the most recent determinations of parallaxes, the 
nearest fixed star ia full 250 times fiirther removed from our 
Bun than the comet in its aphelion. The comet's distance is 
«nly 44 times that of Uranus, whilst a Centanri is 11,000, 
and 61 C}^ 31,000 times that of Uranus, according to Bes- 
eel' s determinationB. 

Having considered the greatest distances of comets £rom 
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Üie central body, it now remains for ub to notioe inetauoM 
tlie greatest proximity hitlierto meaeored. Lexell and 
Bvrckhardt's comet of 1770, bo celebrated on account of the 
diKtarbanceB it experienced from Jupiter, haa approacbed 
the Eartb witbin a amallcf distance timn any otber comet. 
On tbe 28th of June, 1770, its distance from tbe Earth was 
only six times that of tbe Moon. The same comet passed 
twice, viz. in 1769 and 1779, tbrougb the system of Jupiter'R 
finir satellites without producing the slightest notable change 
in tbe well-known orlnts of these bodies. The great comet 
of 1680 approached at its perihelion eight or nine time« 
nearer to the sur&ce of tbe Sim than Lexell's comet did to 
tiiat of onr Earth ; being on tbe Otb of December, a sixth 
part of tbe Sun's diameter, or seven-tenths of tbe distance 
^ the Moon, from that luminary. Perihelia occurring beyond 
the orbit of Mars can seldom be observed by the inhabitants 
of the Earth, owing to the guntnese of the light of distant 
comets; and amongst those already calculated, the comet of 
1729 is tbe cnly one which has its perihelion between the 
orbits of Pallas and Jupiter; it was even observed beyond 
the latter. 

Since scientific knowledge, although frequently blended 
with vague and superficial views, has been more extensively 
difiiised tbrougb wider circles of social life, apprehensions o( 
the possible evils threatened by comets have acquired mote 
weight, as their direction has become more definite. The 
certainty that there are within tbe known planetary orbits, 
comets which revisit our regions of space at short intervals — 
that great disturbances have been [noduced by Jupiter and 
Saturn in their orbits, by which such as were apparently 
harmless have been converted into dangerous bodies — tbe 
intersection of the Earth's orbit by Biela's comet — the cos- 
mical vapour, wbicb acting as a resisting and impeding 
medium, tends to contract all orbits — the in^vidual difference 
of comets, which would seem to indicate considerable decreas- 
ing gradations in the quantity of the mass of tbe nucleus — are 
all considerations more than equivalent both as to number 
and variety, to tbe vague fears entertained in early ages, of 
the general conflagration of the world by flaming sioordt, and 
stars with jf«r^ itreamimg hair. As tbe consolatory considera- 
tions wbicb may be derived from the calculus of [Bxibabilitiee, 
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addrcM thenuelves to reason and to meditatire imderstantlitig 
only, and not to Ibe imagination or to a desponding condition 
«f mind, modem science has been accuBed, and not entirely 
viüiout reason, of not attempting to allay apprehensions whi<ji 
it has been the very means of exciting. It is an inherent 
attribute of the hmnan mind to experience fear, and not hop« 
or joy, at the aspect of that which is miexpected and extraor- 
dinary.* The strange form of a large comet, its &int nebuloui 
light, and its sadden appearance in the vault of heaven, hava 
u all regions been ahnost invariably regarded by the people 
at large as some new and formidable agent, inimical to the 
«xisting state of things. The sudden occurrence and short 
dnmtion of the phenomenon lead to the belief of some equally 
xspid reflection of its agency in terrestrial matters ; whoso 
T&ried nature renders it easy to find events that may be re- 
garded OS the fulfilment of the evil fbretold by the appearanoa 
of these mysterious coemical bodies. In our own day, how- 
ever, the public mind has taken another and more cheerfiil, 
although singular turn, with regard to comets ; and in the 
German vineyards in the beautiful valleys of the Rhine and 
Moselle, a belief has arisen, ascribing to utese once ill-omened 
bodies, a beneficial influence on the ripenine of the vine. The 
evidence yielded by experience, of which were is no lack in 
these days, when comets may so frequently be observed, has 
Hot been able to shake the cotnmon belief in the meteorolc^cal 
myth of the existence of wandering stars, capable of radiating 
brät. 

From comets, I would pass to the consideration of a far 
more enigmatical class of agglomerated matter— the smallest 
of all asteroids, to which we apply the name aeroUlet, or 
meltoric atones,^ when they reach our atmosphere in a frag- 
mentary condition. If I should seem to dwell on the specino 

* TAa, rorhmmgrn Vbw die Slenthmde, 1888, a 2S2-2ST (Lm- 
tares on the Science of AstrOnomy.) An infslioitonsly chosen instance 
of the good omen of a comet may be fonnd in Saneca, ifat. Qiuat., »iL 
IT and 21. The philosopher thog writes of the comet ; " Qurni no» N't- 
r</niajprinäpaiu lirlissinu) vidinais et qui cometU detraiai in/amiom." 

+ [Much valuable information may be obtained regarding the origin 
Bnd compoedljon of aerolites or meteoric atones in Memoirs on the nb- 
Jeot, by Banmbeer and other init«rs, In the nftmbeia of Poggesdwfi 
JLtmtdea, bom ISIG to the ptesent Üme.] — Tr. 
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'«■wmeratioa of Ükub bodies, and of ixMnets, loaget thxi te 
general nature of lliii< work might wanaat, I have not iaam 
•0 imdesignedlf . Tbe divernly existiBg in Ak indiTidaal 

- duract»istice of oometa haa already been notioed. Tbe imr 
perfbct knowiedge we poaaem of their }^jvical charactec, 

' Tenders it difficult in a work like the pceaent, to give Uie 

-proper degree of circumstantiality to the phenomena, whioh, 

' alAough of frequent recurrence, hare been obaerv^ with sach 
Tarioiu deiireee of aoonnuy, or to aeftaate the oeoeamiy from 

' tile accidentKL It is only with respect to measurements and 
eoraputatioDs äiat tbe utronoroy of cwaets faa« made atf 
vagk^ advanoeawnt, awl «onaequendy a scientific conädraa>- 
tion of theae bediee must be Uniited to a qietafication of die 

'difierenee« (rf phyaiogBomy and conformation in the mudew 
and tail, the instances of great approximatioB to otho* oo«- 

'mical bodies, and of the estremee in tixe length c£ their ta- 
bits and in their periods of revoluticm. A futhfiil delineatioB 
•f these phenomena, w well as of ÜMse whicdi we proceed to 
evosider, can only be given by sketching iadiTidiül festarea 
with tiie enimatea «ircamstanta^ty of reality. 

Shooting stars, fire balls, and meteoiic stones are, wiäi 
gncut probability, regarded as small bodies nMving with }^anet;' 
^ary relocity, a^ revolviiig in obedieiMe to the law« (^general 
gtaT ^ y in conic seotaons round the Sun. When these iiwim 
meet äie Eailh in their coarse, wtd are attracted by it, tb^ 
cater within the limits of onr atiaosphare in a huninoue 
condition, and fr^oently let foU more or less strongly heated- 
stony fragnratta, oorerad with a ■hiwing black craat. When 
w« enter into a eai«£)l ini«Migat*on of the fiicts obeerred art 
tlioie ^Mxdis wImd -showers of shoottng stars fell periodic^^ 
m Cumanii in 1709, and in North America during the years 

-18:^3 BJid 1834, we shall find th^ /rvi Baus cannot be ocm- 
«idtred separately from ehooting stars. Both these phenomena 

.4UE&«quKitly notonly simultaneous and blended together, but 
the} likewise an oAÜ found to mer^ into one another, the 

' one phenomenon gradaaJly asmuning the character of the other 

. alilie with rüspect to the size of their discs, the emanation of 
■parks, and the velocities of their motion. Although explod- 
ing Hmnlring lumiaOHS firp balls are sometimes seen even in the 
fan^itoesE (^ tn^ieal daylight,* equalling in süce the appaneot 
* A friand of mice, iDneb •eengtonHl -to exact trigonometrical ne^ 
«DremenU, wsi in the jea 1TB8 li Fopafan, s cilj wMch is 2° 26' N. L. 
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£niieter sf fiie Moon, iiummerable qvanlitieB of diootii^ 
stBTB have, on the other hand, been otäerved to fell m fonos 
of Buch extremely small dimeneiona, that they appear only as 
BUniDg points, or pho^horegoent Une»,* 

■ It stifl remains nn^enniiied whetbö' (he many luminous 
bodies that ehoot across the sky may notrory in their nature. 
Ob my retum &oid tbe equinoctJd zones, I was iHipressed 
witb an idea äiat in tlie torrid regions of the tropics I haS 
joore frequently than in Qur cold^ latitudes seen shooting 

Ifiog at an deration c^SäSSfeet aboTeihelerdaf tlieaea,Nulatiiocai, 
Kbe« Ibe eun wai whintpg bngktl; in a cloudlet« akj, tnw hU nxoK 
lighted np fafftfiie balL He bad his back to Uw vindo* at the tin«, 
■ad DU tamuc tWHtd, paoeived thatgreat part of Uief>atlitcaveTBedt^ 
äi* An hall wwatUl illiHOuiated by the bright^ nujiaooc. DiQeiest 
atHoa» have Iiad (lie most varlous terms to express Iheae phenomena, 
tke Oemuuis nae Üie word Stertuclmvppe, Uterallj gtar «uii^^aa 
wtp reM On well sail«d to the ph^^eal view« of Ibe vulgar in former 
Umm, aiDomtUiig to wfaioh, the lights in Uu finnament »ere saii tp 
gminfo fi fOXKum^ Mn^iitg or oleauug; — and. other aatiens gmioiall/ 
«l«p( a teim expNW*« of a ih«l mfaU of stam, as the Swedi^ men^ 
fail' the Italian <C«Ua eadeiUe, and the EBgliab tlar-tlunjt. In the wood)' 
district oS die Orinoco, on the dreary banks of the Caieiqaiare, 1 Jieaid 
^nalJTeain tbeJUlseioD of Vasiviiase terms still jmt%e inelegant than 
Dm Otntum «for itvf. {Jielati<m Hiaorigtit-du Yog. mm Stfiaa» 
<IIMMiii . i U. p. SIS). Thaae aame. tribes tena tlie pearij' dnji» tf 
iam wikich oover tlte beanti^ leases of the helioonia, «tor-^ptt In tlie 
lÄhrauüan inTtkologr tlte im^ination of the pai^le baa embodied its 
*d«BB of Ibe nMore and qgniScation of foiling stais under nobler and 
^Iiore graeefiil qrmbola. The t^arcee, Wvrptja, weaire in heaven fiar 
Ütt Bev-bom ohild ita tbiead of fate, attaehii^ each vsgtaia Uiread tp 
»fliK. Wkea death apprsaehea the pene«. the (bread is rent, and tba 
jtN'irMMS«Ml4inks to tlteurtk Jaoob OriBHi, .SsHtocAe Jfkt&ojo«^ 

au)ts.«as. 

. -■ deoording to the testimany of Profesior Denisoa Olmsted, <^ Tale 
.OiUegc^ Ne«ilbveB,CoiUMcUcuL (SeePo8geiid...lffiHifa>deri>Ay«a, 
fai zzz. s. IMJ £^ler, who excluded fire balls aad dkooUt^stan 
Ceob the teaain «f aati»aD>;, beoaaas they vect^ aecordiag to hit 
riaw% "metaMBsridngtraa theeibahUionsef thcawth,BndUakdinK 

" BSaes bimaalf, hovere^ geoentU} <^ bu<£ 

■•tuaua aulMiBB ttmt materia viadda n^laniMaln. 
r eadauJAoa abau m t mtu r, a li ft m veri m < i» i mm 
o irmelm. Ntc tat d Jtmn iU tier», yrn i rfmw eon^ 
'a fiKulenld, im >p«m lOuram teAereaia imniiuit : 
ßlgue oahen ! » rtgiimt, trartu radilinto, ptr 4iir*m trq/ieen, mm 
mitmloa cometaa, oeeuLtA cauMa motui tOronmftie.' Ji^le^ MpH, 
Äitrvn. Capennaana, t. i. p. SO. 
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Stan fiill tu if &om a height of twelve or fifteen thousand feett 
that thev were of brighter colours and left a more briUiant 
line of light in their track, but this impression was no doubt 
owing to the greater traneparency of the tropical atmo- 
sphere,* which enables the eye to penetrate further into dis. 

*A«I(iäiHifMorigu',t.t pp. 80,213, £27. IfinUliiigBUn,uin 
comets, ««distingntehbetirceuUiehcttdornadeiiiaiulthetall, wBduU 
find (hilt the greater tnnqiareii^ of ths Btmoapliere in ttopUal cUmatw 
Is ermced in uie gnater length and briUlaney of tlie tail vliieh ouy Im 
ohMired In those laUtnd««. Tliephen«meiu>niatherefoTeno(iieceaBuilf 
more frequent there, because it ia oftener seen and continues Imsget 
Tisiblo. The Influence ezendsed on ihooüng atan l^ (he cliancter of 
tlie otmoiphere Is shewn occaaionftll; eren in our temperate zone, and at 
TeiysmaUdistancaB apart. Wartmann rentes (hat on the oecadon tf» 
Koremher phenomenon at two places lyingreiy near each other, Qenera 
9nd Aui nanchettes, tiie nomlier of the meteors counted were as 1 to T> 
[V/artiaaiai, Mfm.tar ttt EloiUiJilanieSip. IT.) The tajt of a shooting 
star (or it« train). On the tnlgect of which Blandes hs« made so maoj eiact 
and delicate obserrations, is in no wsj to be ascribed to the continuance 
of the ImpreaBion produced byligtit on the retina. It sometimes contjnues 
visible a whole nünnte, «nd in some rare InstSDCcs longer than the ligfat 
of the nncleus of the ahootiug atar ; in which case the luminous track 
remains motionlen. (Oilb. )inn., bd. lir.a. 2(11.} This circonislanee 
ftarUicT indicatea the analog; between la^e shooting stara and fire balla. 
Admiral Kmseniteni saw, in his Toysge round the worid, the train of a 
fire ball shine for an hour after the Inminoue bodj itself had disi^peared. 
and Bcarcelf move thronghout the whole time. (Aeue, th. L s. fi8.) Sit 
Alexander Bntnea gives a charming description of the tramparenej «f 
the clear atmosphere of Bokham, which was once so &vounible to tlw 
pursuit of sstionomlcalolMerTatdDns, BokharaissituatedinS9°lS'N'.lA, 
andataneleratlonof 1S80 feet abore the level of the sea. "Thereiaa 
oonstant sereni^ in its atmoqihere, and an adniinbte cleaRMSB in the skf. 
At night, (ha Stan have oncommon lustre, and tbe milk; wair shines g^o- 
rionsl; in the Irmauent. There is also a nererceasiag di^bj <^ I'm 
most brilliant meteon, iriiicb dart like rockets in the ik; : ten or twelve 
of them are sometimes seen in an hour, aaanmlng erei; ccdouj ,' fiet^red, 
Uue, pale and faioL It is a noble conntiy for astronomical science, and 
great must have been the sdvMltage eiyo^ by tie fcmed obeervatoiy of 
Samarkand." (Baraes, Travel* into Bothara, tol iLflSSi,) -p. 16S.) A 
mere traveller must not be reproached for calling ten or twelve shooting 
stars in an hour, " many," wnce it is only recenU; that we have lean^ 
from careful obeervationi on this subject in Europe, that eight is the 
mean number which may be seen ia an hour in the field of vision of o&a 
individual (Qnetelet, Corrrtp. Mathini., Hovem. 1837, p. HI); tliia 
■limber is, however, limited to five or aii by that diligent ofannwr, 
<S^tm. (aohnm.J<>At4., 188%aSS(L> 



Digniod^yGoOgk' 



A.EK0LITE8. 101 

t&nce. Sit Alexander Burues Ukewiso extols aa & conse- 
quence of the purity of the atmosphere in Bokhara, the 
enchanting and constantly recurrmg spectacle of varioualy- 
Goloured footing star«. 

The connection of meteoric atones with the grander phe- 
nomenon of tire balls — the former being known to be projected 
from the latter with such force as to penetrate from ten to 
fifteen feet into the earth — has been proved, among many 
other instances, in the falls of aerolites at Barbotan, in the 
Department des Landes (24th July, 1790), at Siena (16th 
June, 1794), at Weston, in Connecticut, U. S. (14th Decem- 
ber, 1807), and at Juvenas, in the Department of Ardfcbe 
(15th June, 1821). Meteoric stones are in some instances 
thrown fi'om dark clouds suddpnly formed in a dear aky, and 
fell with a noise resembling thunder. Whole districts have 
thus occasionally been covered with thousands of iragmcnlaiy 
masses, of uniform, character but unequal magnitudes, that 
have been hurled from one of these moving clonds. In 
less frequent cases, as in that which occiared on tiie 16tli of 
September, 1848, at Eleinwenden, near Mublhausen, a lai^ 
aerolite fell with a thundering crash, while the sky was clear 
nnd cloudless. The intimate affinity between fire balla and 
shooting stars is further proved by the fact that fire balls, 
from which me'teoric stones have been thrown* have occa- 
sionally been found, as at Angers, on the 9th of June, 1822, 
taring a diameter scarcely equal to that of the small fire- 
works, called Roman candles. 

The formative power, and the nature of the physical and 
chemical processes involved in these phenomena are questions 
all equally shrouded in mystery, and we are as yet ignorant, 
whether the particles composing the dense mass of meteoric 
stones are originally, as in comets, separated from one another 
in the form of vapour, and only condensed within the fiery 
l>all when they become luminous to onr sig^t, or whether in 
the case of smaller shooting stars any compact substance 
' 'actually falls, or, finally, whether a meteor is composed only 
of a smoke-like dust, containing iron and nickel; whÜst we 
-are wholly ignorant of what takes place within the dork cloud 
from which a noise like thunder is often heard for many 
minutes before the stones fall.* 
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We cflnascertain by measurement the enomunu, vonderfid,' 
and wholly planetary velocity of shootii^ stan, fire boUti, and 
meteoric stones, and we can gain a knowledge of what i« (he 
g;eneral and uniform character of the phenomenon, but not 
of the genetically coamical process and the results of the 
metaniorphoBes. If meteorio stones while revolring in space 
are already consolidated into dense masses^* lees dense, how- 

tnie, t i. p. 406,) hoir the Scytliiim saga of ths racicd gold, «hieli fell 
bnniing fhiiD hearen, scd remiined in Ute ponenion of the Golden 
Hard« of tbe PttraUt«, (HorwJ., it. 5-7,) probabi; originated inths TtfpM 
iKoUectJon of tke Uli of on aerolite. Th« ukcients had also B(»n« Btrange 
ftctiODi (Dio CauiuB, lixr. ISSti,) of «ilier which had (aJlca äräa 
heaTen, and with which it had been attempted, under the Emperor Se- 
Tenn to coyer bronze coina ; metallic iron was, howeier, known to extat 
in meteoric stones. (Plin. ii. 36.) The freqnentlj-recairingr «preBdo» 
lapidümtplait, most not always be understood to titfer to fklls (tf aerolitai. 
&t liic. iiT. 7, it probably refer» to pnmice irapilli) ejected froHi 
the Tolano, Mount Albanus (Monte Cavo), which was not wholly 
•xtingaiBhed at the time. (See Heyne, Opaaada Acad,, t. iiL p. 261; 
and my Relation Hue., t. i. p. 394.) The contest of Hercnles with ^ 
Ligyang, on the road from the Cancasus to the Hesperid«a, belongs to a 
different sphere of ideas being an attempt to eiplaia myUiicall; tha 
arigia of the round quartz blocka in the Ligyan £oId of stones at ths 
XMNith of the Bhooe, i^idi AristoUesuppeaes to haiebsea ejected from 
a fissure duriag an earthquake, and Poaidonius, to have been caused 
In the force of the waves of an inland piece of water In the fragments 
that we etill poaeas of the play of ^achjlua, äia Prrrmetheug J^divend, 
ererjthing proceeds, however, in part of Hie narration, le in a bll W" 
aerolites, for Jupiter dnvws together a cloud and causes ths " distriet 
Wsnnd to be covered by a shower of round «tonti." Po«id<niiuB even 
mnAond to deride tke geognostic myth of Uie blocks lad stones. Thf 
IdgysB field of stones was, however, very natnnlly and wdl described 
1^ the ancients. The disliict is now known as La Orau. (SeeGnerii^ 
Meeura BaromStriqiKS daas Ua A^ieg, et MttforohfU tTAfiffitoii, 
1826, chap. xii. p. 116.) 

* The apedficweight of aerolites varies hom 1-9 (Alius) to I'S (TaborJ. 
fhrir general density may be set down as 3, water bsing 1. As to 
vhsf has been asjd in the text itf the sctoal dismeteis (^ Sre balls, we 
most Tsmail that the numbers have been taken £roai the few measure- 
matt« that ean be relied upon as correct. These give for the fi» bril of 
Weston, Connectfent, (14th December, 1807,) onlv 600, Sw-tAatobserTwi 
fcyLsRoi, (lOCh Jnlj, 1771,) about 1000, and fortkateatdmated by Kr 
GhsrissMagdto, (IStk Jaramiy.ITSa,) 2S00 feet in dJameter. Bnuulss 
{UrUa^aOuiiffm, bd. i. a. 42) sscrtbee a diameter varying from ao to 
120 feet to ibooting stars, and a luminoiis train extending from 12 to 
16 Billes. There are, however, ample optical asses fSir eopposbig Out 
fte apparant diameter of Are imRg toA AnMiag sIbh hia iMtUmf! 
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mer, than the ibeatt density of the Earth, tiiey must be very 
mtoll nuclei, which, sutroimded by Laflammable Tnpour or 
ga«, form the innennoet part of fire balls, from the height 
and »pparent diameter of which we may in Üie case of the 
laigest, eatimate that üie actual diameter varies from 500 
te about 3600 feet The largest meteoric moseeB as yet 
known, are titose of Otumpo, in Cbaco, and of Bahia, in 
Bnol, described by Kubi de Celis as being from 7 to 7 j feet 
io. lengtJi. The meteoric stone of .^!gos FoCamos, cele- 
brated in antiquity, and even mentioned in the Chronicle 
oC the Parian MarUee, which fell about the year in 'ivhicli' 
Socrates was bom, has been described as of the size oC 
two miUatones, and equal in weight to a fiill waggon load. 
Notwithstanding the fitilure that has attended the efforts of 
äie African traTeller, Brown, I do not wholly relinquish the 
'haptt that, even after, a kpse of 2312 years, this Thracian 
meteoric mass, which it would be so difficult to destroy, may 

mmA tnenaied. The vdIhim of the largest fire hall jttobserrad cannot 
be comi^nd with that of Cere», ettimatiagthiapUuet to have a diameter 
of onJ; TO Englidi loites. (See the geaenll; so exact and admirable 
treatise, On the Connexion r^lhe Pliy^cal Seiemx», ISSfi, p. 411.) With' 
the vieir of elucidating yihtt htg been stated in the text r^aiding dia 
laise aerQlite that fell into ÜK bed of the riTer Naitu, bet bM n<A again 
been fmind, I will ^ire the pasaage nade known bj Pert^ from tha 
CStTonioM Btatdicli, Mouachi Sonett Andrea i« Bfonle SoraeU,' 
ft M3. belongiag to the tenth centuiy, and preaerred in tlie (Aigl Li' 
bnu7 at Borne. The barliarous Latin of that age lias been left un' 
changed. " Anm 921, temporHnu damim Johami» Dvcfni pope, im 
anno pontijiraiag iiliue 7 ■niea nuU »iffna. iNam juala «rtem Soman 
Utpide» plurin» de ecda eadtre viti nnL 7« ewttaCa qua voeatw 
Jtamia tarn diri at tetri, ul nihil aliud crtdatur, quam de tiffenial&ut 
l«ti» dtdueti ateni, iiamiia ex üti»iapidibu*umaomniuinmaxinna' 
at, ut decidene in fiumen .VomiM, ad menmram nnita oAiU taper 
dqaoi fliaiänw lugue Aor2ie videTetw. Vom et ignila/acuke de eah' 
pfXTViKe onmibut tn hac dviitUe Bomani jivpuli vita eant, iia vi pcne 
terra eontingereL Alia eadaittt^ ftc. (Pert^ Monwm. Qertn. Bitt. 
Scrtptorra, t üt p. 716.) On the aei^tei of Jfipw Potamoj, which faH' 
aaxnding to the Parian Chronicle, in the TS 1 CA^mpiad, aee Böekh, 
Corp. Inte. Graec., t ii. pp. 302, S20, S40 ; alao, AiMtOi. Meteor., i. J, 
(Helerti Comm., t. i. pp. 404-107) : Slob, ft* Pl^, i. 26, p. WS) . 
(Heeren): Plat. £;«.,?. 12; Qiop. Laert., ü. 10; and aee alao mbaeqnent 
Botea in this woii. According te a Hongolian bv4iti<ai, a black, ftas^ 
ment of a rock, forty feet in height, feU firom bearen en a plain n< 
aDQTce of the Oreat Yellow BiTor in Weetem Chioa. ^bel B' 
Sanetherie, Jo*r.de Pkgt., IKIB, Uti,f. 214.) 
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be found, since the region in which it fell ia i 
BO easy of access to European travellers. The buge aerolite 
whieli in the beginning of the tenth century fell into the river 
at Nami, projected between three and four feet above the sur- 
fitcc of the water, as we learn from a documeot lately dis- 
covered by Pertz, It must be remarked that these meteoiio 
bodies, whether in ancieat or modem times, can only be re- 
garded as the principal firagments of masses that have been 
broken up by the explosion either of a fire ball or a daric 
cloud. 

On considering the enormous velocity with which, as has 
been mathematically proved, meteoric stones reach the earth 
from the extremest confines of the atmosphere, and the 
lengthened course traversed by fire balls through the denser 
strata of the air, it seems more than improbable that these 
metalliferous stony masses, containing perfectly-formed crys* 
tals of olivine, labradorite, and pyroxene, should in so short 
a period of time have been converted from a vaporous con- 
dition to a solid nucleus. Moreover, that which &11b from 
meteoric masses, even where the internal compositicHi is- 
chemically diifeient, exhibits almost always the peculiar cha- 
racter of a fragment, being of a prismatic or truncated pyra- 
midal form, with broad somewhat curved feces, and rounded 
angles. But whence comes this ftoro, -which was first reecg- 
niscd by Schreiber, as characteristic of the tmered part of a 
lotnting planetary body ? Here, as in the sphere of organic 
life, all that appertains to the history of development remains 
hidden in obscurity. Meteoric masses become luminous and 
läudle at heights which must be regarded as almost devoid of 
äir, or occupied by an atmosphere that does not even contain 
T flj'aaa P^rt of oxygen. The recent investigations of Biot, on 
äie important phenomenon of twilight,* have considerably 

* BEot, Trails S Astronomie phyiique (äime ed.], ISJl, t L pp. 119. 
ITT, 238, 313. My lamented Mend Poisgan eadeavoured, in t, BinguJar 
muincr, to solve tbe difficulty attending ftn aasamption of the apon- 
tancouB ig^uitian of meteoric stones at an eleration where the denaitf 
of the stmoaphere is almost nnll. These ace hia words : " It is difficult 
to attnbnl«, as is osnaJIy done, the incandescence of aerolites to frictien 
a^inst the molecnlei of the abnosphere, at an eleTsUon aboFe the earth, 
when) the density of the ür ia almost null. May we > not suppose \btt 
tbi otectric Said, in k neutral condition, forms a kind of atmosphere. 
eit«ndin([ fiir beyond tlia nam at one atmoaphere, yet snl^ect (a tai> 
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lowered the lines which had, perhaps with some degree of 
temerity, been usually termed the boundaries of the atmo- 
s^ere ; but procesees of li^t may be erolred independently 
or the presence of oxygen, and Foisson conjectured that 
aerolites were ignited far beyond the range of our atmosphere. 
Ifmnerical calculation, and geometrical measurement, are the 
only means by which, as in tiie case of the lai^r bodies of our 
•olar ^tem, we are enabled to impart a £rm and safe basis 
to oar investigations of meteoric stones. Although Hallcy 
pronounced the great fire ball of 16S6, whose motion was 
opposite to that of the Earth in its orbit,* to be a cosmical 
lody; Chladni, in 1794, first recognised, with ready acuteness 
of mind, the connection between fire balls and the stones 
pnqected from the atmosphere, and the'motions of the former ■ 
bo£es in space, f A brilliant confirmation of the cosmical 
or^in of these pheaomena has been afibrded by Denison 
Olmsted, at Newhaven, Connecticut, who has shown, on 
the concurrent authority of all eye-witnesses, that during the 
celebrated Ml of shooting stars, on the night between the 
12th and 13th of November, 1B33, the fire balls and shootings 
stars all emerged from one and the same quarter of the 
heavens, namely, in the vicinity of the star y in the eon- 
Btellation Leo, and did not deviate irom this point, although 
the star changed its apparent height and azimuth during me 
time of the o)»ervation. Such an independence of the Earth's 
rotation shows that the luminous body must have reached our 

ratriij attisGÜDn, slthougli phjvicill; Imponderable, and conseqaentlj 
foUoiritlg our globe in iU motion 1 According to Ihia hypothcais, the 
bodies of which we hare been speaking wonld, on entering tbia impon- 
dM^te atmosphere, decompose the neutral fiuid by their unequal action 
««.the two electricities, and they would Urns be healed, and in a state 
ofincandeecence,bybeconiinge1ectrifed." {Po\taau,Bedt.iurlaProba- 
baut de» Jugemaiti, 1837, p. 6.) 

* Philo». Tratuad., tol. xjii. pp. 161-103. 

"h The fiift edition of CbIadui'Bimport»iittjeaUae,I7(:^(Ien Crtpnmff 
der von Palla» g^ndmen tind anderen Eütenmataea (On the Origin of 
tha masse« of Iron fouod by Pallas, and other similar masses), appeared 
two months prior to the shorer of stoiiea at Siena, and ttro years before 
Xdchtenberj; staled, in the OötUngea Taechen/nui, that " stones re»ih 
flnr atmosphere from the remoter regions of a™e." Comp, also Olborf 
Ittter to Benzenberg, ISlh Hof is.tz is Beczenbei^'» TreaiiM o» 
aiiQoting Stars, p. 186. 
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akMtonphert: from tBttiotii. Aectvdinf; to Encke's conqntft. 
tion* of the whole nnmber of the observatLona made in die 
United States of North America, betweeu 3ä° und 42° 1°*,, it 
-would appear that oil these meteors came from the SMiie 
point of space in the direction in. which the earth was moving 
at the time. On the recurrence of &Ils of shooting stars iiL 
North America, ia the moath of November irf the years 1 834 
and 1837, and in the analogous falls observed at Bremen, in., 
1633, a Like general poroilelism of the orbits, and the sunc, 
direction of the meteors from the constellation Leo. were 
again noticed. It has been supposed that a ereater paral- 
Idism was observable in the direction of periodic fidls t£ 

. * Encke, in Foggtnd. A'nmden, hi. zziiii, l^mi), s. 213, Angi% 
la the Annuaire for 1836, p. 301. Two lett«r8 niiich I wrote t« 
Benzenbcrg, M&j IS ind October 93, 1837, on tbe c«nj«clunü ]»*■ 
CMdoa <if the nodes in the orbit of periodikal hih «f elwotiBg atursi. , 
(EteB>»nberg'8 Stemxh., a. 207 und 209.) Olben sulweqnenllj adopted . 
this opioion of the gradual letardation lÄ the NoTember pheDomeaon. 
(Altron. Nadir., 1838, No, 872, s. 180.) If [ may venture to combina 
two of the falls of shooting atars menCioned hj the Arabian writers iritt ' 
the epochs band by Bognslavski far the fburteeath ceatmy, I abtiia 
tha following more or 1^ secordaat elements of the movanenta of Ih« ' 

In Oct., DOS, on the night in which King Ibishim ben Ahmed died, , 
there feil a heavy shower of shooting stars, " lite a fiery rain ;" and this 
year was, therefore, called the year d'etan. {CtaiAe,Hist.delaIknnin. 
He loa ATahef,^. Zi«:) 

-On tbe IStb cf Oct,, 1303, (he Elan were in nation «11 night.: 
" They fell lite locnata." {Camptet Rehdvg, 1837, t. i. p. 294 ; and 
Prseha, in the Bvll de VAmdimit de St Peterebourg, t. hi. p. 308.) 
On the 21st Oct, O.S., 1366, " i^te aeqattOt poU/abaM XI. miZti« 
Virginum ab kera maiutma uigue ad koram primam vi*i» m.7>l Tiuui ' 
tteCla de calo cadere amtinv/i, ei in tatUa rrmftttudine, qaod «enw 
narrare tajßdL" Thisrtmartableitotiee, ofwhidi we shall qMsk msl«' 
fnlly in the snbseqneat part of this wort, wasfoBad by the jooi^er'?«»' 
BognslawBtl, in Benewe fde Horowic) de Weitmil or Weithmtl; 
CAroninin Ectletia Pragaiaia, p. S8S. miit chronirle may also ba) 
finind in the Hecond part ef Scriptora rerun» JoiWi afeant m, by Fblsel 
■nd Dobrowety, 1784. (SAnm. A»tr. JfaeJtr., Dee. 1889.) 

. Oa the night between tbe Mh and lOth of Hovember, 1T8T, mii^' 
filling Stan were observed at Uanhetm, Southöu ÖemaDy, by HemMsr. 
(Sbnti, Meltor., th. iii. a !37.) 

, After midnight, on the 12th of November, 1199, oecnrred (he <sfaa- 
Mdinaiy &tl of stan at Cnmana, which Bonpland and myself fasn* ' 
tlncribed, Mid iritieh was ebaerred ima a gnat part of the enik. 
Bdat. Hut., i. L pp. 619-627.) 



DyGoogle 



1 lOT 

Aootnte sfan, than in those of epoiBdio oecmrence ; and it 
lUu fnrUier been remarked, that in the periedicslly'Teciinüg 
jUls in the month of Aiigust, as, for instance, in the year \ S3d, 
Ae meteors came jmncipatly from one point between Persern 
Koä Tanms, towturds the latter of vhich cmwtellatioiia the 
Sorth -was then moving. This peculiarity of the phenomenon, 
tttamfested in the i«tn^rade direction of the csbit« in No- 
vember and August, sh*rald be thorou^y inTestigated by 
accurate obeerrations, in order that it may either be fully 
confirmed or reftited. 

The heights of Bhooting staie, titat is to bkj, the height« 
of the points at which they begin and cease to be Tiaible, 
vary exceedin^y, Snctoating between 16 and 140 miles^ 
This important resnlt, and the enormous -velocity of these 
problematical asteroids, were first aacertained by Benzenbei^ 
and Brandes, by sunultaneoois observations and detcrmina- 
tiims of parallax at the extremities of a base line of 49,020 
Ibet in length.* The relatiTe vdoei^ of motit« is from IS 
to 36 mil^ in a second, and consequently equal to planetaiy 

Between tha 12th and 19th of FoTamber, 1822, tkoatiag atan, Map- 
mingled with fire balla, were bcbd in large nmnbere bj Kloden, ut 
Potsdam. (Gilbert's Am., bd. lilU. a. 2>1.) 

On the 13th of Ifoyember, 1831, U 4 o'clock in the morning, agnat 
dunver of filing Mara was seen by C^lain B^iud, im the SpamaL 
eoMt, near Cartbt^ena del Letant«. {Amtuaire, 1839, p. 397.) 
' In the night betweea the 12thBBdl3tli ofNcrembaTilSSSiOecnmd 
file yihraoiDeaon so admirably deaeribed by Profeuot Olmated, 1b 
North America. 

In the night of the IS-ltth af November, 18S4, a liBnlar bU of 
Aooting stars vac Ken in Norüi America, although the nnmbeni wer« 
not quite so (JonmdeiaÜe. (Po^end. Aimalai, bd. zxxir. a 129.) 

On the 13th of No>«mber, I83G, a bam was nt on fire by the ftll rf 
a sporadic fire bail, at Belley, in th« Department de TAin. {An' 
moire, 1836, p. 29tt.) 

In (be jear 1838, the atieam showed ilself meet dMidedty ontha 
nl^t of the 13-1 4th of Norember. (Attrmt. Kadir., 1888, No. 872.) ' 

* I am well aware that, amongst the 62 shooting alan ■imnllaa*' 

maij obeerred in Sileda, in 1833, at the aoggeation ' "— ' 

Brande^ some appeared to haTe an eleration ^ 183 U 
MOmlles. (Brandes, UnterAidlanffaifiirFmindtda'Ai 
Phftik, heft L a 48. lostmetive NinatirBS t«r the Lorera^ Vt 
Astronomy and Physics.) Bnt Olbers cosddercd Üiat all detnmina- 
bons tbr elevationa beyond 120 miles mart b« doobtfol, owlng'to Iha 
jgnidTn uw oT the paiallaE. 
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velocity. This pltmcfary velocity*, as well as the direcüon of 

the orbits of fire bulU and shooting etars, which has fre« 
quently been observed to be opposite to that of the Earth, 
may bo considered as conclusive arguments against the hypo. 
thesis that aerolites d^ve their origin frcmi the so-called 
active Ivnar volcanoes. Numerical views re^rding a greater 
or lesser volcanic force on a small cosmical body, not sur- 
rounded by any atmosphere, must from their nature be wholly 
orbitnuy. We may imagine the reaction of the interior of 
a planet on its cnut ten or even a hundred times greater 
than that of our present terrestrial volcanoes ; the direction 
of masses projected &om a satellite revolving from west to 
cast might appear retrogressive, owing to the Earth in its 
orbit subsequently reaching that point of space at which these 
bodies iall. If we examine the whole sphere of relations 
which I have touched upon in this work, in order to escape 
the charge of having made unproved assertions, we shall find 
that the hypothesis of the selenic origin of meteoric stones f 



f Chladni stateB, tbat an Italian physLcist, Pulo Maria Tena^, on 
the occasion of the fall of an aerolite at Milan, in 1660, by trhtcti a 
Franciscan monk vas kilted, was the GraC who Banniaed that aerolites 
were of silenic origin. He says, in a memoir entitled Muaceum Sep- 
talianam, Manfredi Stptaia, Patricii MedwlaBentii, indv^rituo &»- 
iore conitmdum (Tortona, I66i, p. ti), "LdbantpkUoaqphomm meriit* 
«vb Jiorum lapidum prmderibv* ; »i dteere i/elimat, iunam lerram 
•alteram, tine tnundam este, tx cuja» numiibwi diniga Jriiatra in inft- 
riorem noatntm Imnc orbem detabantur," Witiioot any prerions know- 
ledge of this conjectme, Olbers naa led, in the year 1795 (after die 
celebrated fall at Sieoa. on the 16th of June, 1794), Into an inTssti- 
gation of the amount of the initial tangential farce that would bo 
requisite to bring to the Earth msases projected from the Moon. This 
ballistic problem occupied, during ten or twelve yeaiB, the attention 
of the geomelriciaDB Laplace, Blot, Biandei, and Poisson. The 
opinion which was then bo prevalent, but which ha« Einee been aban- 
doned, of the existence of active volcsnoe« in the Moon, wheru air and 
water are absent, led to a confusion in the minds of the generality of 

Ssrsons between matbematical possibilitieB and physical probabitltiea. 
Ibera, Brandes, and Chladni thou^t " that the votocity of 16 to 32 
miles with which fiie balls and shooting stars entered our atmoephere," 
Aimiahed a refutation t« Ijie view of Üieir selenic origin. According; 
to Olbeia, it would reqoire to reach thv EarUi, Mttiug aside Qm re> 
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depends upon a number of conditions whose accidental coin- 
cidence could alone convert a possible into an actual fact. 
The view of the original existence of snutU planetary masses 
in space is simpler, and at the sanje time more analogous 
with those entertained concerning the formation of other 
portions of the solar system. 

dstance of tli« ür, sn initial Telocity of 8102 feet in the leeonil ; »o> 
cording to I^ptace, 7802; to Biot, 8282; and to Polwoo, 7G95. 
L^jlace states that this Telocity is only five or tlx time* s« great h 
Hut of a cannon-ball, but, Olbera iias sheini, " thst witli snch an initial 
velocitj as 7600 or 8000 feet in a aewDd, meteoric stonsB would arrira 
■t the mrfiice of our earth vith a velocity of only 86,000 feet, (or 1-G9 
German geographical mile,) But the meamred velocity of meleorie 
(tonw averagM Scoch miles, or upwarde of 114,000 feet to a gecond; 
and consequentJv the original velocity of projection firom the Moon must 
be almost 110,000 feet, and therefore 14 times greater than Laptac« 
isaerted." (Olbera, in Schuiu. JahT^., 1387, pp. 52-e8 ; and in Oehler, 
Nua phytii. WOrterlnuAe, bd. vi. abth. 3, s. 2129-3180.) If n 
could assume voleanic forces to be stlU active on the Uoon's sarhc«, 
the atwence of atmospherio reiigtance would eertiunly give to their 
prcg'ectile force an advantage over that of our terrestiial volcanoes ; but 
even in respect to the measure of the latter force (the pnyeetjle force of 
«DF own volcanoes), we have no obserratlous on «Uidi an; reliance can 
be placed, and it has probably been exoasdingly over-rated. Dr. Petent 
who accnrately observed and measured the phenomena prawnted by 
.£tna, found that the greatest velocity of any of tlie stones prtgected tiom 
the crat«r «as only 1260 feet to a second. Obserrations on the Peak of 
Teneriffe, in 1T08, gave 3000 feet. Although I^place, at the' end of hla 
mrk {Ex^. dv, Sytk dn Monde, ed. de' 1824, p. 399), eantionily 
observes, regarding aerolites, " that in all probability they come from 
the depttig of apace;" yet we sea from another paaaage (chap, vl p. 283), 
that, being probably onacqu^nted with the eitraordlnary pUuetarr 
Telocity of meteoric stoues, he inclines t« the bjpotbesis of their lunar 
origin, always, ttowever, wwrn in g that the stones projected from the 
Hooa " become satellite ai our JSarth, describing artnind it mare or less 
eeoentrio orbits, and thna not reaching its atmosphere antil sevenl 
or even many levolntiona have been accomplished." As an Italian at 
Tortona had iha bney that aerolites came from the Moon, so some of 
the Greek philcaophers Üion^ they came trom the Sun. This -was 
the opinion of IKogenea LaerUns (iL 0), regarding the origin of the 
man tJiat f^tl at Sff» Fotamos (see note, p. 103). Pliny, whose labours 
in recording the opinions and atatements of precefÜng «rilera are 
astonishing, repeats the theoiy, and derides it the more freely, because 
he. with earlier writers (Diog. I^ert,, 3 and 6, p. 09, HUbner), occoBea 
Anaiagoras of having predicted the &11 of aerolites from the Sun ■ 
" Celebrant Grseä Anüagoiam ClazomeniDm Olympiadia septuageeimot 
oetavn lecmulo anno pnediziBs caaleatinm litterarum scieatia, quilms 
ttd>u SHCom casoram Mse a aole^ idqne beton inleidiu in Thtaoi« 
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' It is -very {oobiAle that a large number of t^ieee cosmical 
bodies traveree space nndeatroyed by the vicinity of onr 
ttmospher«, and temHre TtmoA tW Shu without experitoicuig 
any aLt^ratioa but a sl^ht increase in the eocaitricity of their 
oiÜts, occasioned by the attiaction of the Earth's mam. We 
may, consequently, suppose the possibility of these bodiee 
remaining inTisible to lu durii^ many years and frequent 
jerolutiona. The supposed phenomenon of ascendinr shooting 
•tan and fiie balls, «hitüi Chladni has unsucoe.ssiuUy endea- 
vonred toexplainon thehypMhesisof therc^äiimof stioi^^ 

fute ad Mgq» Ihusen. ftud d qnkyrwdietgm eradat, mmul &tcatar 
MW« tat, m^orlt mineoU diTmüalem Asua^ne fouae, Eolvlque 
Twura ntUina üriaUeotani, «( amfandi »niBU, ai uti ipie Sol lapis eeee 
ant'BnqaualapiileniinaofiuBecradat^i docidetie tarnen erebrononeiit 
-AidHiuiL' The ÜI of a moderatAnied stcmc, which U preserred ia the 
OTBiaaainm at l.b;daa, is also teportod to h*«a lie«B foitiold by Anax- 
'^Diu. The &11 of aen^tia in bri^ ■-"■*■'"* and wluo the Hoon's 
4iae waa InTMble, pnbaUf led to the idea cf auHtonea Uot«OT«r, 
Mcarding to one o! liM pusieal dupoaa <d Anaxagora% which biou^it 
«a him the penecnliix «f the theokigiajM (eren w tbey have attacked 
the geoli^iatt of our own Idmea), the Sun waa regarded as-" a nu^ät 
.fläjmaas" (fivfpec immipot.) In acoordance witli Uieee view« of Anai- 
' agoTM, we find Eniipldea, in Phatton, lienaiiis the Sua " a golden 
Bian ;" Öiat ia ia t^j, a fira-eolourad, brightij-shiBing matter, bat ii4>t 
' lenliiig to the ii^nnae tkataeraUtes are golitoi tnaritonai. (See note 
to page 101.) Compare TtUdtenaer, DiMrAe w Shirip. perd. Dram. 
S^igtUcu, 1767, f. SO. Dng. Laeri,, ii ID. HeBoe,amoag the Qivk. 
Philosophen, 'we find fMir hjpeth o aea nganUaf the origin of EUhag 
■t«iB : a tdlniic oiigin tmm aeocndiag «AalMJona ; maaBoa of atoae 
laiaed by hanieane (ace Aiiatot., Sltttar., la. L caf». It. 2-1 3, and 
' esp. TÜ 9) ; ft solar «ngia ; »d hartlj, an 'Origän in the regima of 
s^we, M hearenlr bodiea which had lang remained iuviaible. Bs' 
qieMing dtto last i^mioa, which ia that of Diogtmei of Apolloni^ and 
entirely aeeordg with that of tb« pwait day, «e« pagwi 118 and US. It 
U worüiy of remark, that in Syna, aa [ hare been aaaared by a learned 
orientalist, now reiädeut at Smyrna, Andrea de Neneat, wlio inatructed 
me in Penian, there ia a popolar belief that aertUtes chiefly bU on 
clear «tooaligbt ni^ita. The ancicota, on the oontouy, eqiedslly 
In&ed for their Ml 4ii^huiar«ei^iaet. <BeePlii9,zazTÜ.10,p. 164. 
SoliDM, e. B7. Sdm., Aoere., y. iSl ; and Um paMge« ocdleeied by 
Ukert, hthlsflbevr.dcrGrÜDfanwuJAAMr, Ifc.iL 1. a ISl.noteU.) 
Ontiie hoimhabUi^ that mataeriemaMM are favadfram )BBlaI.dis- 
■riviag gaaei^ wfai<^ aocmdiag to Fuanieri, n^«d«t in Uie higheet 
•trata of oar sbnoapliiere, and, faeriooalj 4ifliuijd throng an alnoEt 
' bMindleaa space, may Haddeoly aaauiae a «did oomdition, and an the 
'-reMtiatien nlMiaDMUlity4'«aHa,Me«r JUot^fitA, tX p. jEiS& 
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d ur, &ppesTS at first ei^iA as the consequence of 
BOme imknown tangential force, propeUing bodies from flie 
«ttdi ; but Bessel has shown by theoretical deductions, oqb. 
finned by Feldt's carefiilly conducted calcutations, that owing 
" to the aliseaee of any proofs of the simnhaneone oeeurrenoe 
'«f Hk observed disappetuanoes, the awamption of an ascent of 
•Aooting Btars was rendered wholly improbafete, and inad- 
missible as a result of obseiratioii.* l^e opinion advanced 
1]y Olbers that the explosion of shooting stars and ignited firt 
'balk not Teoring in straight lines may impel meteors upwarda. 
in the manner of rockets, and influence the direction <rf then 
Kbits, must be made Ihe subject of fntnre researches. 

footing stars &U ^ther separately and in inoonsideraMe 
numbers, that is, spomdically. or in swams of many thousands. 
"The latter, which are oompücd Iw Arabian authors to s wa r iu i i 
et locusts, aie pmodic in their occurrence, and move in 
sttie^uB, ga>erally in a pandlel directioa. Amongst periodic 
ftBs, tbe most oelelirated are tliat known as the November 
r from about the 12th to the 14th o 



-Hovember, md diat m the festival of St. Lawrence (the lOfh 
of At^ust), whose " fiery teara" were noticed in former times 
'i& a ^iB^h calendar ^ Engluid, no less tlnn in old tra- 
ditioBary legends, as a metwtvotc^cal event of constant re- 
cmeeaoe.i' Notwithstanding the great quantity of shooting 

• Bawl, InSdrnm. A^. JTocir., 1SS9, St. SSO oad 381, a 222 und 
S46l At the cancLosion of the Hemok tliere ia i. compsruon of the 
Son's longitudes with the epocbs of the November plienomcDcni, front 
Ike period af the finC obwrrstioBS In Canuna in 1799. 

i- Vju ThonuH Fonter (The Focbet Enegdopadia cf Natural Phe- 
«omata, 182T, p. IT) »laCeBthat a manuscript ia presariFed is t^ librai? 
of Christ's College, Csmbridgt,' wtiKen in the tuiUi oentoiy by a monk, 
snd entitled JSphemeridea Berum JfaiunUium, in which the nstui^l 

eomena for each ia,y of the year are inscribed, as for instance, tbe 
BewMJDg of phnts, the arrival <tf birds, &e. ; the 10th of August 
is dhAinguiahed bj the word " meleorodes." It was tbis indication and 
'«tatotdition of tiie fier; teats of 9L Lainenoe that chiefi; induced 

- Dr. Votster to andertake his extremely ze^ons iBvestigstloa of the 

- A.nnst ^^-^'>~mf^, <Qiislelet, Oamtpand. MaMm^ S«ris III. t. i. 
Un, |.ttS.) 

* \Sa KtÄ msoBBcript is at p io s su t known I» exist in tt« Uhm7 
; sf ttwt College. For this infoimatiaa I am inddited to the inquiriM (^ 
: Mb, Oar; cf Pei^mk« CoUeae, the learned editor of a'kxiv^guUw ^ 

HorapaUo ifüatu, Oissk and Eu^iA, iM».}—7k: 
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■tara And fire baUs of Ute moat Tariona dimeamoni, «hi^ 
According to KlÖden, were seen to ß>Il Sit FotadAin, on the 
night between the 12th and 13th of November, 1822, nsd o& 
the Bome night of the jenr in 1S32, throughout the whole of 
Europe, from Foitsmouth to Orenburg on the Ural RiTer, and 
even in the Southern Hemiaphere, aa in the Isle of France, no 
attention was directed to the periodicilt/ of the phenomenon, 
and DD idea eeems to have beäi entertained of the connectioa 
exiating between the fall of shooting stara and the recurrence 
,4)f certain days, nntil the prodigious swarm of ahooting stars 
which Occurred in North America between the 1 2th and 1 3th 
of November, 1833, and was observed by Ohnsted and Palmer. 
The stars fell, on this occasion, like flakes of snow, and it wm 
calculated that at least 240,000 had fallen during a period of 
nine hours. Palmer of New Haven, Connecticut, was led, in 
consequence of this splendid phenomenon, to the recollecti<m. 
of the fall of meteoric stones in 1799, first described by EUicot 
and myself.'* and which, by k comparison of |the &cts I h>d 
tkdduced, showed that the phenomenon had been simultaneously 
seen in the New Continent, from the equator to New Herrn- 
hut in Greenland, (64° 14' lat.) and between 46° and 82° 
long. The identi^ of the mxwhs was rec<^nised with 
astonishment, l^e stream, which had been seen from Jamaica 
to Boston (40° 21' lat.) to traverse the whole vault of heavca 
on the 12th and 13th of November, 1633, was again observed 
in the United States in 1834, on the night between the ISäi 
and 14th of November, although on Üöm latter occasion it 
showed itself with somewhat less intensity. In Europe the 
periodicity of the phenomenon has since been manifested with 
great regularity. 

- Another and a like regularly recurring phenomenon is that 
noticed in the month of August, the meteoric stream of St. 
Jjavrrence, appearing between the 9th and 14th of August. 



• Hnmb., Äd. Hül., t. i. pp. 618-5S7, EUicot^ in the T 
qf the Ama-iean Society, 1801, vol. vi. p. S9. Ang:o makes the fill. 
lomng obaervationa Id reference to the Noyember phenomena : " We 
thus become more uid more confirmed in the belief that there eiista a 
aone composed of miUions of unall bodies, whose orbits cnt the plane of 
the ecliptic »t about the point which onr Ilsrtii annn^l; occupies betmtn 
the lltit and 13thof Bovember. It is a new plaaetaiy vorld bq[iiudBg 
to be nvealed to na." (^nmtain!, ISSfi, p. SBfl.) 
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Uuschenlnoek,* as early as in the middle of the la^t Cen- 
tury, drew attention to the frequency of meteora in the 
montli of August ; but their certain periodic return about 
the time of St. Lawrence's day was first shown by Quetelet, 
Olbere, and Benzenberg. We shall, no doubt, in time discover 
other periodically sjmearing Btreams,^ probably about the 
22nd to the 25t!b of April, between the 6th and 12th of 

" CompAre Moschenbroek, Introd. ad Phil. Nat., 1762, t. ii. p. 1 061 ; 
Homrd, On the ClivuUe qf London, vol iL p. 23, obserratioiw of the 
TOT 1806; seven jewB, theretbre, after the «arlieel obaerraüoiiB of 
Bniulea (Benzeoberg, Hier Slenudutvppat, b. SlO-214) ; the August 
(ibBerraü<HiB of Thomu FoiBter, in (^etelet, op. cit, p. 438-153,- 
those of Adolph Erman, BogosUnEki and Krell, in Sebum. JaJirh., 
183B, B. 317-330. B^;ardiug the poiut of origin in FeraeDB, on the 
loth of August, 1839, Bee tbe accurst« meaanremenbi of B^ael and 
Erman (Schum. Attr. Nachr., No. 385 und 428) ; but on Uia 10th of 
Aogufit, 1837, the path doee not appear to hare been retrograde; aee 
Arago, in Camplea Sendu», 1837, t. ii, p. 183. 

t On the 2Sth of April, l09E, " inuumeralile ejes in France saw stars 
Billing from heaven as thickly as hail," (u( grando, niai liKermt, pro 
dawilate puiaretur; Baldr. p. 88), and this occurrence waa regarded 
bf the Council of Clermont as indicaÜTe of the great morement la 
Chriiteudom. (Wilkm, Oe»A. der Kreuaüge, hd, 1. s, TS.) On the 
SSth of April, 1800, a great fall of stais vaa obseried in Virginia and 
Massachusetts ; it was " a fire of rockets that lasted two hours." Araga 
WIS the first to call attention to this " trainee d'a«tcroIdea," as a re- 
enrrii^ phenomenon. (Annuaire, 1836, p. 297.) The üdla of aeioUte« 
In the beginning of the month of December, are also deserring of notice. 
In reference to their periodic recurrence ss a meteoric stieam, we may 
mention the earlj observation of Brandes on the night of the QCh and 
?th of December, 1798 (when he counted 2000 filliag stats), and veij 
probabl; the enormous fall of aerolites that occuned at tlie Bio Abbu, 
near the village of Uacao, in the Brazils, on the 11th of December, 1836. 
<Bt»ndoB, Unterhalt, för Freunde der Physik, 1825, hcfl i. a. 65, ^d 
Comptea Bendtit, t. y. p. 211.) Capocci, in the interval between 1809 
and 1839, a space of 30 yeais, has discovered twelve authenticated cases 
of aerolites occurring between the 27th and 29lh of November, beddes 
others on the 13th of Korember, the 10th of August, end the 17th of 
July, (Camptet Rendu», t. zi. p. 357.) It is singular that in the 
portion of the Earth's path corresponding with the months of January 
wid Februaiy, and probably also with March, no periodic stroams of 
&lling stars or aerolites have as yet been noticed ; although when in 
the South Sea in the year 1803, I observed on the 15th of Mareh a 
remarkably large number of falling stars, and the; were seen to fall as 
in a gwarm in (he city of Quito, shortly before the ti^rrible earthquake 
of Biobamba on the 1th of Febnuki;, 1707. From the phenomeiui 
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December, and. to jn^ge by the number of true ftlh of «owl 
fites enumerated hy Capocci, also between the 87th Bud 39äl 
<J November, or about the l?th of July. 

AJtbough the ^tenomesa hitherto obienwd aippetr to have 
bem independent of the diatanc« from the pole, the tempers- 
tare of the air, and other climatic relationB, there ia, however; 
one perhap« accidentally coincident [AenomeDOD which must 
not be wholly disregarded. The Northern Light, the Aurora 
Boreelis, wa« untisually brilliant on the occurrence of tha 
fplondidfidlofmeteoTBof tl» 12Ü1 and ISthNov^nber, 1833, 
described by Olmsted. It was abo obaerved at Bremen in 
183S, where the periodic meteoric &U wag, howerer, Icm 
remarkable than at Sichmond near London. I hare mentioned 
in another work the singular iact observed by Admiral 
Wrangel, and frequently confirmed to me by himself,* that 
' «hen he was on the Siberian coast of the Polar sea, he observed 

hitherto observed, the following epochs seem eapedally worthy of 

22Qd to the 26th of April 

17th of July, (ITthlothe 2athof Jnly^ (Qnet, Con-., 1837, p. 435.) 

10th of AngiuL 

I2th (o the 14t^ of November. 

27(h to the 2Sth of November. 

eth to the 12th oT December. 

When we consider that the rc^ons of ipse« must be occupied bj 
jnyriads of cometa, we ate led by analogy, aotwithghmdiDg the dif- 
ferences exisüng betveen isolated comets and rings filled with asteroid^ 
to regard the Irequency of these meteoric streams with less igtooi^ 
ment than the first considersüon of the phenomenon would be likely 

' F«rd. V. Wrangel, Äewe länge der NordhüeU von Sibirien in 
den Jahrea 1820-182*, th. ii. s. 258. Kegardiug the recurrence of 
the denaer awarm of the November stream after an interval of 38 
yesiB, see Olbers, in Jahrb., I83T, %. 280. I was informed in Cumiuui 
that shortly before the fearinl earthquake of 1788, and conBequently 
33 yeats (the same interval) before the great fall of stats on the 11th 
and IStb of November, 1T99, a similar fiery manifestation had been 
obaerved in the heavens. But it was on the 21at of October, 1788, 
and not in the beginning of November, that the earthquake occorred. 
Posaiblj aomo tiaveJler in Quito may yet be able to sacertain the 
day on which the volcano of Cayajnbe, which ia situated there, was 
for the apsce of an hour enveloped in filing stais. so that the in- 
hsbiblnts endeavoured to ^pease heaven by religious processions. 
^elat. Hint., t, i. chap. iv. p. 307; chi^. i. p. 620 and 527.) 
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AaÖBg SB'Anrara Borealie, eertain portiflns'of tiifl Tmlt (tf 
heaTOs, wbich were not illuinüiated, li^t ap and contiime 
kttninoiui whenever a AtxAiag stoz passed orer them. 
. . Tbe diäbrent meteoric Btreams, eacfa of which is composed 
of myriads of small cosmical Ijodiea, probably inteiBect oar 
Sarth'a orbit in the same manner as Bieht's comet. Acctud- 
Jng to this hypotheaiB, we may represent to ouwelves tbese 
sateroid-meteors aa composing a closed rii^ or acne, within 
which they all ponue one common orbit. The smaller 
Janets between Mars and Jupiter, [Hveent ns, if we except 
Pallas, with an analt^ns relation in üieir constantly inter- 
■ecting orbits- As yet, however, we have no certain tnow- 
{edge as to whether changes in the periods at which the 
itream becomes visible, m? the retardatiom of the phenomena 
ti which I have already spoken, Indicate a r^idar precession 
ta osculation of the node» — that is to say, of the points of 
int^eection of the Earth's orbit and of tluit of the ring ; or - 
whether this rin^ or zone ^Stains so considerable a degree of 
breadth ''from the irregular grouping and distances apart of 
the small bodies- toat it requires several days for the Earth 
to traverse it. The system of Saturn's satellites shows ns 
likewise a group of immense width composed of most inti- 
mately-connected cosmical bodies. In this system, the orbit 
(£ the outermost (the seventii) satellite has such a vast di- 
ameter, that the Earth, in her revolution round the Sun, 
lequires three days to traverse an »tent of space equal to 
this diameter. If, therefore, uk on» of these rings, vbieh 
ve regard as the orbit of a periodical stream, the asteroids 
ihovla be so irregularly distributed as to consist of but few 
groups sufficiently dense to give, rise to these phenomena, w« 
may easily understand ^y we so seldom witn^ such glorious 
^ectacles as those exhibited in the November months of 
1 799 and I S33. The acute mind of Olbers led him almost to 
predict that the next appearance of the phenomenon of shoot- 
u^ stars and fire ballR intermixed, foiling like flakes of snow, 
would not recur until between the 12thand 14th of November, 
1867. 

The stream of the November asteroids has occasionally 
only been visible in a small section of the Earth. Thus, for 
instance,a very splendid mt'i^-ic sAower was seen in England 
in the year 1837, whilst a mos. attentive and skilful observer 
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•t Braunsbier^, in Pnusia, only saw on tlie same night, whieh 
uns there unmtemiptedly clear, a few qioradic shooting Htan 
&11. between eeren o'clock in the erecing and sonriae the 
nest inomii^. Bessel* concluded from tbia, "that a dense 
group of the bodies composing the great ring, may have 
reached that part of the Earth m which England is situated, 
whilst the more eastern districts ofthe Earth might be paesii^ 
nt the time throt^h a part of the meteoric ring proportion- 
Blly less densely studded with bodies," If the hypothesis of s 
regular progreseion, or oscillation of the nodes, should acquire 
greater weight, special interest will be attached to the inves" 
ligation of older observations. The Chinese annals, in which 
great fiiUs of shooting stars, as well as the phenomena of 
comets, ore recorded, go back beyond the age of Tyrteeus, or 
the second Messenian war. They give a description of two 
streams in the month of March, one of which is 687 yeaW 
anterior to the Christian era. Edward Biot bos observed 
that, amongst the fifty-two phenomeno which he has collected 
from the Chinese annals, those that were of most frequent 
recurrence, are recorded at periods nearly coireaponding with 
the 20th and 22nd of July, o. s., and m^ht consequently be 
identical with the atrecun of St. Lawrence's day, taking into 
account that it has advanced since the epochsf indicated. If 
the &U of shooting stars of the 21st of October, 1366, o. s. 
(a notice of which waa found by the younger Von Boguslaw- 
eki, in Benessiug de Horowic's Chroriiecm EcclesUt Praffentia), 
be identical with 'Our November phenomenon, although the 
occurrence in the fourteenth century was seen in broad day- 
light, we find by the precession in 477 years, that this system 
of meteors, or rather its common centre of gravity, must 
describe a rctrogtsde orbit round the Sun. It also follows, 

* From B Utter to myteV, dat«d Jul 2Jtl), 1838. The eDormoos 
«wann of filing gtsre, in November, IT9E>, ww almost excluaivelf seen 
In America, where it was witneaeed from New Heimhut in Qreenland, 
to the equator. The awarma of 1831 and 1832 were visible onl; in 
Surope, and those of ISSS and 1831 onl; in the united SUlee of Nortb 
Americit. 

+ Lettre de U. Edouard Biot i, U. Qaeteltt» snr leg andeimea ^>paii- 
Uons d'Etoites FiluiteB en Chine, in tbuBuU. de rAcadhnie de Bnaillei, 
1843, 1. 1. Ko. 7, p, 8. On the notice from the CAronicon Seelen» 
Pra^eiau, see lb« fonnzer BogoalanU la Poggend. Amtolm, bd. 
Ilriü.a.ei2. 
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from die viewa thus developed, that the non-appcftnuice, 
during certaim years, m any portion of the Earth, of the two 
staeams hitherto observed in November and about the time 
of St I^wrence's da^, most be ascribed either to an ioter- 
mption in the meteoric ring, that is to say, to intervals occur, 
rii^ betiveen the asteroid groaps, or, according to Poisson, 
to the action of the larger planeta* on the form and positüm 
of this annuloB. 

The solid masses ivhich are observed by ni^t to fall to the 
earth from fire balls, and by d«y generally when the sky is 
dear, from a dark small cloud, are accompanied by mndi 
noise, and althou^ heated, are not in an actual state of 
incandescence. They undeniably exhibit a great degree of 
general identity vith respect to their external form, the cha- 
racter of their crust, and the chemical composition of their 
principal constituents, lliese characteristics of identity 
have been observed at all the difierent epochs and in the 
most various parts of the earth in which these meteorie 
stones have been fbond. This striking and early-observed 
analogy of physiognomy in the denser meteoric masses is, 
however, met fay many exceptions regarding individual points. 
What differences, for instance, do we not find between the 
malleable masses of iron of Hradschina in the district of 
Agram, those from the shores of the Sisim in the government 
of Jeniseisk, rendered so celetoated 1^ Pallas, or those whiclt 
I broi^ht from Mezioof, all of iriiiw contain 96 per cent. 

* " It appeani tliat in ^parentl^ InszIiiiiBUble nmnlier oF bodies, to* 
enuJl to be obserred, are moring m the regions of apace, either around 
the Snn or Che planet^ or perhaps even aroiiHd their Satellit««. It is 
soppoeed that vben these bodies come in contact irith our atmosphere 
the difference between fteir velocitj and that of our planet is bo great, 
that the friction which they experience from their contact with the Ür 
heate them, to incandeecence, and Bometimcs causes their exploeion. If 
the group of blling etars form an annutua around the Sun, its velocity 
«f ciicnlation may be very different tram that of our Earth ; and the 
diaplacements it may eipedence in space, in oonseqaoice of the actions 
irf the various planeta, may reader the phenomenon of its iutenecting 
the planes of üie ecliptic, possible at some epochs, and altogether im- 
pceable at others." Poiaon, Eechercha rur la ProlxAiliU det Jugtr- 
SKRto, p. 306, 307. 

+ EnmbaMt,£Mai jwlitigussuria J^ow.fipaTM (2de Mit), 1. 19. 
Pv810. 
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of iton, frwn the airaoUi«8 of Siena, ia lAtdi dte tien m 
unounts to 2 per cent., or the cartliy aerolite ci Alkis (in 
Sepertment dii Qard), which brake i^ in waia ; or lastlx, 
from thoeeof JoauiacaiulJuTsuis, wbiciicmitain»diwiuetaIbo 
iron, but presented a mixtuie of oryctogaoeticaUy distiBOl 
DrTBtalUne oompouautB ! Tbeee diä^r^ioes have led nÜBe- 
nlc^ists to B^wrate these oosmical msnrini into two clasMg, 
namely, those containing nickelliferoua meteoric iton, and 
those consiatine of fine or ooarsely-grtKular meteoric dost. 
The crust or nud of aerolites ib peculiarly chsnicterietiiD at 
diese bodies, being only a few tenüie of a line in thickness, 
often glossy and ]ntoh'like, and occasionally veined.* There 
is only one instance mi reovd, as &r as I aai aware (the 
aerolite of Chanttmnay, in La Veodee), in «rhich the rind was 
absent, and this meteor, like that of Juvenas, presented like- 
wise the peculiaii^ of having pores and vencnlar cavities. 
In all other cases uie black crust is divided from the inner 
ii^t-gray mass by as sharply-defined a line of separatum as 
is the black leaden-ccdonred investment of tlte white granite 
blockst which I brought from the oatoracts of the Orinooo, 
and which are also associated with many other catanwts, aa, 
tar instance, those of the Nile and of the Congo River. Ihe 
greatest heat employed in onr poroelain ovens would be in^ 
Bnfficient to produce anything similar to the orast of meteraiQ 
stones, whose interior remains wholly unchanged. Ha« and 
there, facts have been observed which would seem to indicate 
a fusion together ol the meteoric fi-agments ; but in general, 
the character of the aggregate mass, the absence of ooto- 
presüon by the fall, ^d the inconsidendtle d^ree of heat 
possessed % these bodies when they reach the earth, are all 
opposed to the hypothesis of the interior being in a state of 
fusion during their short passage from the boundary <^ tbe 
atmosphere to our Earth. 

The chemical elements of which these meteoric massea 
consist, and on which Berzelius has thrown so much light, 
ace the same as those distributed thron^unit the earth's 

*The pecnliai eolonr of tiieir crnst was ohasived «VMiMasrtr'sia 

thelimeofPUnf (iL SBsndSS): " colore sdmto." Thephnun "latodbos 
tibiÜBe," seemi alio ta refer to the bunt oater «iftat of MnlltM. 
t Homb., Bd. SuU, i. iL chap. xx. pp. 280-302. 
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tiBUt, aai MK fift^H*" in uunber, namely, iron, uickri, cobalt, 
nangaiiete, ofarominm, copper, azsenic, zinc, potash, soda, 
,fa)(£ur, jjioophonu, and carbon; conetitutiiig altogethei 
jiBaily one-tbird of all the known eimpls bodies. Not- 
wilhatanding this similarit}' with the primary elemonta into 
vhich inorganic bodie« are chemically reducible, the aspect 
af aen^tea, owing to the mode in which their constituent 
xartfl are compounded, presenta, generally, some features 
Kireigiv to our telluric rocks and roinerals. Hie pure native 
jron, which is almost always ibund inoorporated with aero- 
lites, imparU to them a peculiar but not consequently a leitmc 
^liiaiaxter ; for in other regions of space, and in other coe- 
jnieal bodies besides our Mixin, water may be v^ioUy abseat, 
mad processes of oxidation of rare occiorenoe. 

Cosmical gelatinous vesifdes, similar to the OTganic notloc 
^masses which have been supposed since the middle ages to 
be connected with shooting stars), and those pyrites of Sterli- 
tenutk, west of the Uralian Mountains, which are said to have 
otmstituted the interior of hailstones,* must both be classed 
.amongst the mythical Miles of meteorolt^. Some tew aero- 
.lites, as those composed of a finely granular tissue of olivine, 
ngite and labradorite blended togetherf (as the meteoric 
atone found at Juvenas, in the Department de 1' Ard^che, whidi 
^jesembled doloriteX are the only ones, as Gustave Bose has 
.zemarked, irhich have a more fomi'iia»- ai^tect. These bodies 

' ■ GmlKr Hem, Beü« naeh dem Und, hä. ü. t. 9ßi. 
- t Owtev Bo«, in Poggead. Ann., lS2fi, bd. it., ■. 17S-102. Bwa.- 
.'KalBbCTg,A^«<ttÄq>pf.n)maiaB>. HoHdicOrterbuehe der Mmataofi», 
,1643, B, 102. "It U," BajH the cksr-miiided obgerrer, Olben, "a re- 
markable bat hitherta unregarded loct, that while Bhellii are found in 
secoiuUi? and tertiär; formation^ no /oanZ meUoric tUmes have aa ;et 
■lieen discovend. Mv w emclude from tliis FircoDutuice, tfaat ja«- 
^TJoai (o Ike pnaent aad bat modificstioa af the earth'a outfuie n» 
. aiBtcaiic stone« tell <m i^ ■Ithoogh ai the present time it appean pro- 
' feaUe, bi»n (he researches of Schreibera.Uiat 700 MI annnallj)" (Oll^i, 
in Schun. JaMi., 1S3S, s. S29.) Problematical nickel liferous maa«ea of 
aaUve inm haTB been found in Northern Asia (al the gold-wnahiiig 
«ttabUalmiait at Petropaidowak, «ighty siilea eonüi-eaat of Eumeak), 
imbedded thiitj-one feet in the ground ; and more reeentl]', in the 
'.W«teni Carpathiana (Uie mounlaia chain of Ha^ra, at Sdaoics), both of 
vhich are remai^bl^ like meteoric elonea. Compare Srman, Archio 
^Sr mumdu^idte Kvude von Auolond.bd. i b. SIS, and Haidingar, 
VerxAt über SxLamuaer S^ü^fe tu [Tnffam. 
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«mbün, fbr instance, crystalline snbstancei, perfeetlf eimilat 
to tliose of our earth's crust ; and in the Siberian mass <tf 
meteoric iron investigated by Pallas, the oltTine only düTers 
from common olivine by the absence of nickel, which is re- 
placed by oxide of tin.* As meteoric olivine, like our basalt, 
contains from 47 to 49 per cent, of magnesia, constituting, 
according to Berzelius, almost the half of the earthy cotn- 
■ ponents of meteoric stones, we cannot be surprised at the 
ereat quantity of silicate of magnesia found in these cosmical 
bodies. If the aerolite of Juvenas contain separable crystals 
of augite and labradorite, the numerical relation of the consti. 
taents renders it at least probable, that the meteoric masses 
i>f Chateau-Renard may be a compound of diorite, consisting 
c^ hornblende and albite, and those- of Blansko and Chanton- 
Bay compounds of hornblende and labradorite. The ptoo& of 
the telluric and atmospheric or^in of aerolites, which it is 
attempted to base upon the oryctognostic analt^es presented 
by these bodies, do not appear to me to possess any great 
■weight. 

Eccalling to mind the remarkable interview between New- 
ton and Conduit at Kensington.f I would ask why the ele^ 
meutary substances that compose one group of cosmical bodies, 
or one planetary system, may not in a great measure be iden- 
tical ? Why should we not adopt this view, since we may 
conjecture mat these planetary bodies, like aU the larger or 
smaller agglomerated masses revolving round the sun, have 
been thrown off from the once fer more expanded solar atmo- 
sphere, and been formed from vaporous rings describing their 
orbits round the central body ? We are not, it aj^iean to 
mc, more justified in applying the term telluric to Üie nickel 
and iron, the olivine and pyroxene (augite), found inmeteorio 
stones, than in indicating the German pliuits which I found 
beyond the Obi as European species of the flora of Northern 
Asia. If the elementary substances composing a group of 
cosmical bodies of different magnitudes be identical, whj 

■ BerzeliDB, JahrtAer., M. XT. s. 217 tind S31. Bumnelsbers, BiOKt- 
wOrterb., «btlk. Ü. b. 25-38. 

t " Sir Isaac Newton vAA be took »11 the planets to be composed Ot 
the «am« matter with the Earth, viz., earth, mter, and atone, bat Tsri- 
oosly eoncoetod." — Turner, CoUeetion» for the HUUiry of OTOnthan^ 
eentOMttv mähttUic Memoir» ^Sir Itaae Beaton, p. 172. 
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, in obeying Üie „ , 

traction, blend together under definite relatjona of miiture, 
composing the white glittering anow and ice in the polar 
xonea of the planet Mars, or constituting in the amaller cob< 
mical masses mineral bodies enclosing cirstalB of olivine, an- 
gite, and labradorite ? Even in the domain of pure coniectuie 
ve shonld not suffer ourselves to be led awaj hy unphiloso- 
phical and arbitrary views devoid of the support. of inductive 
reasoning. 

BemarkaHe obscuralionB of the Bun's disc, during which 
the Etars have been seen at mid-day (as for instance in the 
obscaration of 1547, which continued for three days, and 
occurred about the time of the eventful battle of Mühlberg), 
cannot be explüned as arisii^ from volcanic ashes or mist«, 
and were regarded by Kepler as owing either to a ma/eria 
eonutica, or to a black cloud formed by the soo^ exhalations 
of the solar body. The shorter obscurations of 1090 and 
1203, which contmued the one only three and the other six 
hours, were su^Kwed l^ Chladni and Schnurrer to be occa- 
sioned by the passage of meteoric masses before the sun's 
disc. Since the period that streams of meteoric shooting 
«tors were first considered with reference to the direction of 
their orbit as a closed ring, the epochs of these mysterious 
celestial phenomena have been observed to present a remark« 
able connection with the regular recurrence of swarms of 
shooting stars. Adolph Erman has evinced great acuteness 
of mind in his accurate Investition of the fiicfs hitherto 
observed on this sulgect, and his researches have enabled him 
to discover the connection of the sun's conjunction with the 
August asteroids on the 7th of February, and with the No- 
Tember asteroids on the 12th c^ May, the latter period 
corresponding with the days of St. Mamert (May lltb), St. 
Fancras (May 12th), and St. Servatius (May 13th), which, 
according to popular belief, were accounted " cold days."* 

* Adolpli Erman, in Poggend. Ataudm, 1839, bd. zlviii. e. G82-fl01, 
Biot had prenoiud; thrown donbt regarding the pcnbabUitj of the Ntr- 
vemljer stream reappearing in the beginning of May (Comply Eendiu, 
1886,1. ii. p. €70). Uädler has examined themean depr^sionof tempen- 
tore on Uie Ihrce iU-oamed days of Ma; b; Berlin observationa for 86 
jean{Verhandl.dea Vereine sur B^fOrd. des QartoAicues 1834, b.37T)v 
udfonod a retrc^ramaa of temperature amonnüng to %"'% F. fromthft 
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• Hu Cbedc ndntal philosopben, wit» irere bdt litde ißm^ 
poHed to poraue obsemticmB, but «Tmoed inexliauetible tee- 
läity of mut^nation in giving the moot vsrioui iDterpretatioB 
«f Judf-parceived £icts. hare, bowever, left some hypotfaeMS 
ngardiiTg ahooting Btan and meteoric stonefl, which etriking^ 
Mcord witb the tibwb dow «Imoat univeraally admitted of üi 
OMKucal process of these phenomena. *' Falling stan," eajb 
JHutarch, in hie life of Lyaander,* ''are, acoordii^ to the «n- 
nion of some physicigts, not eruptions of the ethcrial Bit 
Bxtii^uished in thJe air immediately after ila ignition, dot yet 
Wa iniianunatory i»mbustioD of the air, vhich in düsoiv^d in 
laige quantitie« in l^e upper r^ions of ^Mce ; but theae so»- 
Jeore are rather a fell of odestul bodies, which, üi«(HiBequenoe 
at a certain intermiasion in the rotatmy force, and by Ifafe 
jnqnilee of some irregular movement, have be«i hurled dowH 
not only to the inhabited portions of the Earth, but abo 
lieyond it into the great ocean, where we cannot find them." 
I^igenea of Apdloniat expccaaea himeelf still mco« ezpiicidy. 
^«Mrding to tda views " Stars that are meinUe, and eonso- 

.llth to the IStb of M^, ft period at wMch nearly the moet rapid ad- 
TBDce of heat (akea pUce. It is much tobe deüredUmt this phenomeiuui 
Ol depressed tempeialnre, wbich Bome ha.ve fell mclined to »ttrilmte to 
'the melting of the iee in the □orth-esat of Enrope, Bboiild be also inTes- 
U^ted in veiy remote raxita, ae ia America, or in the Soathem Hemi- 
.«phara. (Oomp. Bull 4i lAead. Imp. de St. PHaiboirg, ISIS, 1 L, 

* Flut, Titm par. in Lyiandro, cap. 22. The elatement of Dama- 
dio* (Dalmachos), that for TO days contiauously there was a fiery cloud 
Men in the skj, ernitüng «parks like blling stars, and wliicli then, sink- 
ing nearer to the earth, let hll the stone of Sgoe Potamos, " irtiiGh, 
Junrever, m* only a small part of it," Is extremely improbable, «iooa 
the direction and velocity of IheSre cloud -would in thatcaae »f nec«a- 
aity hare to remain for so many days the same ai those of Uie aattfa.; 
and this in the fire baU of the 19th of July, 1686, docribed by HaUey 
■(TVatM.,'ToLxilx.,p. 163) lasted only a few minut^ It is cot altogether 
oertaia vbether Dumadtoi, the writer, n-tpi liaißiia^ was the same per- 
son aa Daimachos of Flstsa, who was sent by Seleucus to India to the 
■bn <d AaAttuMUm, and who wia chained by Stiabo with being "a 
weaker of Uea" ip. 70, ObmiIi.). Vw» aMthar BMMge of natMvb 
jUJempar. Selom» c Oop. «^ 4) »e Aoold ilmgat Mieve that b« »aa. 
^aUereiilaw« faaTeheieoDlT theeridcBDeaf a very late author, lAo 
wmte a floilaiT and a half after IJM fcll of aeiolU«! «conned ia linee, 
and irtuae anthaatieitiyi« also dodited I17 Plntvoh. 
: f BM,., td. Bmm, i. 26, p, «a; Pix*., tU flat. Jtiihi., U.U. 
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Mt «re vinbU. Tbese mvisible Btan IteqamatW &11 to tbs 
Mith and aie wrtingnirfiüd, •■ the atMtjrxliar wbicn teü bant* 
ii^ at .^^M Potantoa." Tba A^UBmma, who held all otlH* 
stellar bodk« wben luBinous to be of a pmoice-like natnre, 
jHotxibly groimded his optmooii regarding diootiiig Btais aod 
roetewio masses on the doctrine of Anaxagoras the Claxome- 
niac.Tho regarded all the bodiee in ÖtemuTerse "aefragmenls 
<tf rocks, which Hie fiery ether in the force of its gyratoiy 
Motion had torn ictaa tike Sarai and oonvrated iat» Stan.". 
In the loniaii »chooL, therefore, aocwdin^ to the teetsnony 
tmiatiitted to us in the vieire of Diogenes of Apotlonia, nnta^ 
litee and stars ira« ranged in ime and the same dass; boÜi; 
iriien considerBd vith reference to their primary origin, bang 
«qiuJly tdJniric, this being understood only so br as theeartk 
«as th^i regarded «a a centiitl body,* forming all thing« 
aroand it in the same manner as we, acctxding to our presCid 
viewa, suppose the plasets of our system to have originated 
in the expanded ötmospheie of another central body— the 
Sun. Theae vienra must not. therefore, be oonfounded with 
wkai is oommttnly termed die telluric or atiuospheric origin 
of metewic stones, nor yet with üie singnlar opinion of Ans^ 
totle, which supposed the enonaous mass of .^^03 Potamos 
to have been raised by a huiricase. That oirt^ont ^irit 
at incredulity, which rejects tacts without attempting to in- 
*estdgate them, is in some oases almost more injuriaiis ÜOM 
an unquestioning credulity. Both are alike deQimental to thS 
Ibrce of inTestigation. Notwithstanding that for more than 

, * niereinarksblepMaigBmP1iit.,(&pIac PUIo*.,ii.I8,nunthas-. 
" AnuagoiBB teaehea that the «arrounding ether is ■ fieiy BobataB«^ 
iriuch by the p«ver«f its rotsUon t«ais rodis from the «trüi, ii^unes 
than, aud oonTens them into atara." Applying mi oacieat gible to it 
hntnie a phTscal dogma, the Clazomenian appears to have ascribed the 
fcB ef the Nmhsb Uon to the Peiopoimesas from the Moon to inch a 
«UMaij tie em i rifag^ force, (^ian., liL 7; Pial., defacie in orbe Luna, 
« a ; SchoL ex Cod. Psrii. in ÄpoU. Argtm^ lib. L p: IBS, ed. Schut, 
Jtii p. 40; Hemeke, Atmai. Alex-, ISIS, p. So.) Here iaslead ft 
stones from the Moon we have an animal &om the Hoon I According 
to an acuta remark of Böckh, the ancient mj'äiolagy of the Nemtetm 
Imar lion hsa an wboiiomical origin, and is armbolioul; connected in 
•hioaology with tiie c^e of iotercalaUoB of tin Imiar Tear, with the 
mooo-vorahip at JHanMi^ and tiie gsmea br which it was aoaempsBtedL 
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two tiiousand yean Üi e ann&lei of diSbrent natiotiB liad recorded 
fiills of meteoric Btones, many of which had been attested 
beyond all doubt by the evidence of irreproachable eye-wit. 
nesaee, — notwithstanding the important part enacted by the 
Bffitylia in the meteor-worshipof the ancient»-— notwithstand- 
ing the foot of the companions of Cortee having seen an aero- 
lite at Cholula which had Mien on the neighbouring; pyramid, 
— notwithstanding tiiat Caliphs and Mongolian chie^ had 
eauaed swords to be foiled from recently Mien meteorie 
Btones, — nay, notwithstanding that several persons had been 
Btruck dead by stones &lUng from heaven, as for instance, a 
monk at Crema on the ith of September, Idll, tmother monk 
at Milan in 1650, and two Swedish sailors on board ship in 
1674, yet this great cosmical phenomenon remained almost 
wholly unheeded, and its intimate connection with other plane, 
tary systems unknown, until attention was drawn to the subject 
1^ Chladni, who had aheady gained immortal renown by his 
discovery of the sound-figures. He who is penetrated with a 
geaiBe of this mysterious connection, and whose mind is open 
to deep impressions of nature, will feel himself moved by the 
deepest and most solemn emotion at the sight of eveiy star 
that shoots across the vault of heaven, no less than at the 
glorious spectacle of meteoric swarms in the November phe- 
nomenon or on St. Lawrence's day. Here motion is suddenly 
revealed in the midst of nocturnal rest The still radiance rf 
the vault of heaven is for a moment animated with life and 
movement. In the mild radiance left on the track of the 
shooting star imagination pictures the lengthened path of the 
meteor through the vault of heaven, whilst, everywhere around, 
tile luminous asteroids proclaim the existence of one common 
material universe. 

If we compare the volume of the innermost of Saturn's satel- 
lites, or that of Ceres, with the immense volume of the Sun, 
all relations of magnitude vanish &om our minds. The ex* 
tinction of suddenly resplendent stars in Cassiopea, Cygnua, 
and Serpentarius, have idready led to the assumption of other 
and non-luminous cosmical bodies. We now know that ttie 
meteoric asteroids, spherically agglomerated into small masses, 
revolve round the Sun, intersect like comets the orbits of th* 
luminous larger planets, and become ignited either in th« 
vicinity of our atmosphere or in ita upper strata. 
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' Tfceonljrmediat^which wearebroiiglit incoimexioitwitli 
Otbei? planetary bodies, and with all portions of the uni-rerse 
beyond our atmosphere, are light and heat (the latter of which 
nan scarcely be separated frava the former),* and those mys- 
terious powers of attraction exercised by remote masses ac' 
cording to the quantity of their cojistitaents, upon our globe, 
the ocean, and the strata of our atmosphere. Another and 
different kind of cosmical or rather material mode of contact is, 
however, opened to us, if we admit falling stars and meteoric 
stotiea to be planetary asteroids. Thej not only act upon us 
merely Iroia a distance by the excitement of luminous or 
calori£c vibrations, or in obedience to the laws of mutual 
attraction, but they acquire an actual material existence 
for us, reaching our atmosphere &om the remoter regions of 
universal space, and remaining on the earth itself. Meteorici 
stones are the only means by which we can be brought in pos- 
eible contact with that which is foreign to our own planet. 
Accustomed to gain our knowledge of what is not telluric 
solely through measurement, calculations, and the deductions 
of reason, we experience a sentiment of astonishment at tind-- 
ing that we may examine, weigh, and analyse bodies that 
wpertain to the outer world. This awakens, by the power 
of the inu^ination, a meditative spiritual train of thought, 
where the untutored mind perceives only scintillations of hght 
in the firmament, and sees in the blackened stone that £]ls 
from the exploded cloud nothing beyond the rough product of 
a powerM natural force. 

' Although the asteroid-swarms, on which we have been led 
ftom spe^ predilection to dwdl somewhat at length, ap- 

* Th« foUowtng renurkablc pissage on the radiation of heat ironi th« 
£ied stars, and on their Iot combnatioa and vitality — one of Kepler's 
many aapiretion» — Hjcairs in tlie Paralipom. in Viietl. Aatron. pan 
Optifa, 1604, Propos. iiiii., p, 25 : " Lncis proprinni eat calor.Brdeni 
omnia calebcinnk Be eyderum lue« cluitatia ratio teelatar, calorem 
nniTersonua in minari ene proportioue od colorem uciua aolis, qnun ut 
ti/ bomine, ciuua est carta coloiis menmra. uterque aimul pereipi et jo- 
dicori posait. Do cincindulanun lucula tenuiBüma oegare non potee, quin 
cum calore aiL Tivunt enim et moventuTj hoc autem non One caleÜM- 
tiooe perficitur. Sic ueqae putrescentium lignomm lux sua ealom 
deatituitDF ; uam ipeti paetredo quidom leutna ignis est. laest et atir> 
[ubus suiii calor." (Compare Kepler, Ejiit Aslr<m. Coperakana, IBli^ 
t.LUb.Lp.SE.) 
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yMsimate to « certeia d^ree, in ütär i&oMiaidetkble ttw* 

and the diversity of tWir orbits, to comets, th^ present tUs 
essential di^rence from the latter bodies, that our knowls^it 
of their existeoc« is almost entirely limited ta the mraneut ef 
their destruction, that ia, to the period when drawn withtn 
^be sphere oS the earth's attiaclion, they become lumiiMHU 
sod ignite. 

In order to complete our view of all that we have leamt to 
consider as appertfiining to oar solar ^stem, which now, liaM 
die discovery of the small planets, of the interior cometa of 
UMTt revolutions, and of the meteoric asteroids, is bo rich «ikd 
toinplica't«d in ita fbnn, it remains fitr us to Efpeak of the ring 
of Zodiacal Light, to which we have already alluded. ThoM 
Irho have lived for many yean in the aone of pabns must retain 
* pleasing impreseioa uF the mild mdiance with which tbs 
BMiacal light, shooting pyramidally upwards, illnminea a part 
of the uniform length of tropical nights. I have seen it shina 
with an intensity of hght equal to the Milky Way in Sagit» 
tariua, and that not only in the rare and d^ atmosphe^re of 
the summits of the Aiides at an elevaluw oi from thirteea 
to fifteen thousand feet, but even on the boundless graa^ 
l^ains, the Llanos of Venezuela, and on the ses-shore, ht- 
neath the ever clear sky of Cumana. This phent^Knon waa 
often rendered especially beautiful by the passage of lig^ 
fleecy clouds, which stood out in picturesque and bold n^i^ 
tctm. the luminous background. A notice of this aerial apee^ 
taele is contained in a passage in my journal, while I was on 
the Toyage irom Lima to the western coasts of Mexico: — 
"For three or J'our nights (between 10° and 14* N. lat.) the 
zodiacal light has appeüed in greater splendour than I have 
eves observed it. llie transparency of the atmosphere must 
be remarkably great in this part cA the Southern Ocean, to 
judge by the radiance of the stars and nebulous spots. 
From the 14th to the 19th of March a regular interval of 
three-quarters of an hour occurred between the disappeannoe 
of the sud's disc in the ocean and the first manifeatatioo eS 
the zodiacal light, although the night was already perfectly 
dark. An hour after sunset it was seen in great hrillian<^ 
between Aldcbaran and the Pleiades; and on the 18th of 
March it attained an altitude of 39° l/^ Narrow elongated 
clouds arc scattered over the beautiful deep azuie of the dii- 
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tent benaoB. fiittiBg past tiiie to^aai Uglit as btferä a gdUtt 
purtain. Above Äeee, olbev dmida are from time to tote 
reflecting the meet Isighdy Tuiegated ooloim. It eeewa a 
aeooud sunset. Oa Üiis aide of the rault <tf heaven the K^t- 
itcas of the night appea» to increase ahaoet as mach as at the 
first quarter of the moon. Tovarda 10 o'clock, the nidiaeal 
light generally become« very bint in this part of the Southen 
Ocean, and at midnight I have scarcely been able to tzace a 
vestige of it. On t£e 16tli of March, when moat atrongly 
Imninous, a fidnt reflection was visible in the east." In oar 
gloomy Bo-called "temperate" Northern zone, the zodiac^ 
nght is (»Jy distinctly visible in the beginning of Spring, aStei 
^0 evening twilight, in the western part of the sky, and at 
the (dose i^ Autumn, before the dawn of day, above the eaaU 
vahorizcm. 

It is difficult to understand how bo strikii^ a natural pheno^ 
menon should bave iaüed to attract tbe attention of physicists 
and astronomers, until the middle of the seventeenth centDr;, 
or how it could have escaped the observation of the Arabian 
natoial philosophers, in ancient Bactria, on the Euphrates, 
and in the sonÄ of Spain. Almost equal surprise is excited 
by the tardiness of observation of the nebulous spots in An- 
dromeda and Orion, first described by Simon Marina and 
Hu^iens. The earliest ex^cit description of the zodiacal 
Kght oceuta in Childrey's Srilannia Baeonka,* in the year 

* " There is tnoUiGr (Mug, whidi I reeommmid to the obsemitioB af 
nuthematical men : which Is, that in Febrnsi;, md fw a little befiwa, 
qmd a little after that month (w I have oluwrTed aeveraj yean to- 
gether), about six in the ereniDg, vhen the tvUigtit hath ahncat 
deserted the horizon, yon ihall sea a plainly diBcemible iray of the 
twilight Btriking up towards Uie Pleiadea, and Eseming almost to teoeh 
them. It IB BO observed any clear night, but it is be«t iliac nocto. 
There ia no Bueh way to be observed at any other time of tJie year 
(that I can perceive), uor auy otbsr way at that time to be perceived 
darting up elsewhere. And I believe it hath been, and will be con- 
Mantly visible at that time of the year. But what the cause of it hi 
sslure shook! bo, I cannot yet im^ne, but leave it to future enquiry." 
(Childrey, Britannia Baamiea, 1661, p. 183.) This is the flist view and 
a aimple desoriptiim of Ibe phenomenou. (Cueini, Dtamwrte de la Im- 
ttiirtclUattqmparottdamhZodia^ue, in the Mtm. deVÄaid., t. viil. 
1730, p. 2T6. Mairan, TraiU P%s. de rAvrore BortaU, 1T64, p. IS.) 
In this remarkable work by Childrey there ore to be found (p. 91) 
TO^dear acconntai^'the epochs of maxima and minima diurr^ana 
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1661. Hie first otMerration of the phenomenon may have 
been made two or three years prior to this period ; but not. 
withstanding, the meritof having (in the spring of 1683) been 
the first to investigate the phenomenon in all it« relationa in 
space, is incontestably due to DominicuB Cassini. The lig^t 
iniich he saw at Boli^na in 1668, and which was observed at 
the same time in Persia by the celebrated traveller Chardin, 
(the court astrologers of Ispahan called this light, which had 
never before been observed, nt/iek, a small lance), was not tha 
zodiacal light, as has often been asserted*, but the enonnous 
•nniul (cmperatiires, and of the retard&tion of the extremes of the effects 
is met«oro1og:ictl proceMes. It is, however, to be reKretted that our 
BscoDisn-philOBOphj-lovIng sathor, who wu Lord Hemy Somereefl 
«hkpltün, tell into tha time error ae Benurdia de St. Pierre, uid nn 
nided Uie Ssitli u eliHigsled at tlie poles (see p. liS). At the first, 
he believes tlutt Ibe Esr^ ma qiherictd, bat sappoeea that the uninteT' 
niptcd and iacieaainj; addition of layers of ice at both polei haa changed 
iti figure ; and that, as the ice ia formed from watü, the qusnti^ cT 
Uiat liquid is ereiprhere dimitUBhing. 

* Dominicns Caaaini (Mfm, de FAcad., t viiJ. 17S0, p. 188), and 
Uaitan {Aurore Bor., p. IS), have even maintained that the phenome< 
non obaerred in Penia, in 1668, was the zodiacal light. Delamhre 
{HUL de VAitron. iiodernt, L ii. p. 748}, in very decided terma, 
aacribes the diacorer; oT this light to tjie celebrated traveller, Chardin; 
bat in the OoaroimeTaent dc Solimaa, and in sereial paaaagcB of the 
narrative oFhiatimvels (id. de longl^t. ir. p. 32S; t.z. p. 9^, he aalj 
^ipUea the term niaioak (nyzek) or " petit« lance," te " the great and 
fiimouB comet which upeind over nearly the whole world in 1 668, and 
whew head was so hidden in the west that It «raid not be perceived in 
the horizon of lapshan" [Aaat du Voyage de Chardtn, Tab. iv. ; from 
the observationa at Schiiai). The head or nucleus of the comet was, 
bowever, viüble in the Bnizitii and in India (HngrS, Comtiogr., t iL 

fc22). Regarding the coi^ectared identity of the lost great comet of 
arch, 184S, with tlua, which Casaini mjgtook for the zodiacal light, aee 
Schum., Axtr. Nadtr., 1843, Mo. 478 and 480. In Penian, the term 
"nlzehi Uteechln" (fiery spesxs or lances), is also applied to the raja of 
the rising or setting sun, in the same way as "uayÄiik," according to 
n^jtag'a Arabic Lexicon, signifies " stellsa cadentes." The comparison 
oF comets to lances and sworde was, however, in the middle ages very 
GonuDJn ia all languages. The great comet of 1600, which was visible 
from April to June, wan always (ermcd by the Italian writers of that 
time, il Signor Äiione (see my Examen Crüigue de PHist. de la Ofa- 
grapkie, t. v. p. 80). All the hjpolheses that have been advanced to 
ohow that Descartes (Cassini, p, 230 ; Hairan, p. 16), and even Kepler 
(Delamhre, t. i. p. 601}, ware acqaninted with the lodiacal light, appear 
Id me aliogether nntniable. Descartes {iVtnctjMf, iii art. 136, 137), 
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tail of a comet, \rboK head was concealed in the vapoury 
mist of the horizon, and which, from its length and appear- 
ance, presented much similarity to the great comet of 1843. 
We may conjecture, with much probability, that the remark- 
able light on the elevated plains of Mexico, -seen for forty 
nights consecutiTely in 1509, and obseired in the eastern 
hräizon rising pyramidally from the earth, was the zodiacal 
tight. I found a notice of this phenomenon in an ancient 
Aztec MS., the Codex TtUeriano-Remensis,* preseired in the 
BotbI Library at Paris. 

This phenomenon, whose primordial antiquity can scarcely 
l>e doubted, and which was first noticed in Europe by Childrey 
uid Dominicus Cassini, is not the luminous soW atmosphere 
itself, since this cannot, in accordance with mechanical laws, be 
more compressedthanintherelationof 2 to 3, and consequently 
cannot be difilised beyond ^ths of Mercury's heliocentric 
distance. These same laws teach us that the altitude of the 
extreme boundaries of the atmosphere of a cosmical body 
above its equator, that is to say, the point at which gravity 
and centrifugal force are in equihbrinm, must bo the same as 
the altitude at which a satellite would rotate round the cen- 
ta veiy obscure in his remaiki on comets, obBemng that their toils are 
formed " by obliqne rajg which, fWling on different parte of the planet- 
ary orbs, strike the eye laterally by eztntordlniiry re&action," and that 
liieymightbewen morning and evening, "like a long beam," when the 
ton is between the comet and the earth, Thie puaoge no more refen 
to the EOdiacal light than those in whicb Kepler {Epit. Astron. Coper- 
nicaruc, t, i. p. 57, and t. ii. p. S93) ipcak« of the existence of a solar 
utmospberc (limbuB circa aolem, coma lucida), which, in eclipses of the 
inn, prcvonta it " from being quit« night ;" and eren more uncertain, 
or indeed erroDeona is the assumption that the " tiabea qosa lomit 
Tocant," (Piin., ii. 28 and 27), had rBforence to the tongue-shaped rising 
zodiacal light, as Cassini (p. 231, art. xxi!,) and Haiian (p. 15) have 
maintained. Everywhere amongst (he ancients, tiie trabM ore asso- 
ciated with the bolides (ardorea et faces), and other fiety meteors, and 
even with long-barbed comets. (Begarding loric, ioriaj, JoiiT-ijc, see 
SchSfer, Sdiol. Far. ad ApoU. RJtod., 1818, t. ii. p. 206; Pseudo- 
Atlstot, lie Mundo, 3, 8 ; Comment. AUx. Joh. Philop. et Olymp, in 
Aristot. Meteor, lib. i., cap. vii. S, p. 195, Ideler; Beneca, ITat. QiuBit., 
LI.) 

* HnmboldC, Momimait det Ptapiti Indiginei de I'Amiriguc, t. ii. 
p.. 301. The rare manuicript which belonged to Che Arclibishop of 
tthdmi. Le Telller, coDtains various kinds oF citracts from an Aztec ritual, 
an astrological catendar, and historical annali. extending from 1197 to 
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Uni hoAy sjunltaseomly früh fhe diunwl revolntioA of Ab 
latter.* litis limitation, of the solar atmosphere in i(a ■pKaeall 
MmeentAted condition is especially remarkable T^en we coot" 
pare tin eeAtml body of our syBtem vith the nuelene of other 
■ebulooB atara.' Herschel ha« fscorered eereral, in irfaich tfa# 
Mdins of the nebulons matter sniroimding the star appeared 
At on ai^le of 150'. On the aeewnption that the par^laX i» 
aot fiilly eqnal to 1*, we find that the ontemost nebuloiut 
Il^er of such a, star must be 1Ö0 times fhrther from the c«^ 
tral body than our Earth is from the Son. If, therefore, tbe 
nebnlons star were tw ocmm fhe pisoe of onr Sun, its atmos- 
phere irould not only iuclode the orbit t^ Uianns, bnt eren; 
extend e^ht times beyond it.f 

Considering the narrow limitation of die sen's afnwephere, 
which we have jnst described, we may with much probability 
regard the existence of a very eempreBsed aonnlns of nebnloül 
Blatter ,{ revolving &eely in spaoe between the orbits of VenuV 

1M9, ud MCbTsdng a notioe of diäerant niitard pheaomeiia, nochB of 
etrtbqualcea md ooneta (hi, for instaaco, thou of 1490 and 1629), and of 
(•hich are important in relation to Meiiean chrooologr,) soliir eclipses. 
In Caiaac^'i msntucrSpt SitlirHa d» TJareala, the Ij^t riaing in the 
eMt alnKWt te the leuith ii, lingnlaTlr enouf^, deacribed aa " aparkling, 
and aa it town with atora." Tbe deacription of thla phsiomenon, whidi 
luted fortf dart, cannot in any wty apply to icdcaoic eraptiana of Fopo- 
oalcpetl, which Ilea very near, in tlia souÜi-eaatera directioa. (Preacottr 
MMojyqftie Congwl of Mtxic», Toi. i. p. 3S4.} Later commtataton 
have confoandad thb phenomenon, which Montezuma Rgnrded aa a warn« 
isg of hii miafartnna, with the " eetreUa que hamesTa" (literally, which 
urms/orth; Meiicaa ekoloa, to Ifap or epring/orlh). With respect to 
meconneiion of thia Tapour with the star Citlal Choloha ( Venui) and 
«ith " the moontain of the ilar" (Citlaltepetl, the volcano of Oriiaba), eg« 
m^ JHoKHmnu, t. ii. p. 303. 

* Lapkce, Sxpot. du Sylt, du Mand», p. 270 ; Uicanipte Ciletier 
t. Ü. pp. 169 and 171 1 Schubert, Aiir., bd. iii. {. 206. 

t Arago, in tha Atmuairt, 1812, p. 408. Compaie Sir John Her. 
■ebd's cDnsiderationi on the Toiume and faintnesa of light of phmetan 
nabuln, in Mary Somervitle's Conntmim qfihe Phyiital Seimeet, 1B35, 
p. lOS. The opiiaon that tbe Son ia a nebnlona alar, whoae abnoipbera 
nreaenta the phanomnon of lodtacal light, did not originate wiUi Dorain» 
icua Cassini, but was first promnl^ted by NIairsn in 1730 {Traitl dt 
FAurore Bor., p. 47 and 363 ; Arago, in tbe ^muuitr«, 1B42, p. 413). 
It ia a naiewal of Kepler'a Tlawa, 

i DominicDa Casoni wu the tnt to laanme, as did nibseqneatly 
litplaee, Sohobert, and Poissan, the hvpolheda of » separate ring to 
etplain tlie form of the lodiacal light. He tayi dlacioctl j, " If the orbita 



DyGoogle 



ZODIAOAZ U9HT. ISL 

end Mars, h the material canse of Üia lodiaaal light. Aa ywi 
'wa cSTtainly kluiw nothing ^finita ragmüng it> aetaal iii»> 
tBTÜl. dimränoiui ; iti augmetitation* by emanstioitB fron 
(be tails of KjiiacU of ooneta that coma wiätm the Son's 
TMJirilT f the jn^HTil^^ lAmitf pa aflbatluv Hm' iT pttwifw i, sürae ife 
nmatimea downot appor to eataBd beyond one Earth's oiint; 
or, lastly, reg a r din g it» oonjeetnial iatämate ooimectiim ■with. 
the moie condensed cosmioal Taponc intiieyicinttyoftheBon., 
Tbe nsbulans partides composing tiüs ring, and terolving- 
Mond the Sim m osoordance widi jäanetaiy laws, mar either 
b«Bel£-liinuDOBB or receive li^t from that Inmniuy. Even in 
tiwoaseof a t W TB S tfi almiat (aadtiug&ctÜTeTyreinatdrahte)^ 
whioh owntrred at the time of the aew moon at midnight, in 
1748, the phoephoresoenee was bo intense that ol^eots eotdd 
be distinoiuy recognised M a dürtanea of moie than 600 AsL 

I hov« ooeaei<HHlly been aitonii^ed, in the Iropical cUmBte» 
of So«th Americs, to observe tiie variable isteosi^ of tiw 
aodiacal li^t. As I passed the nights, dunng manymondta, 
in the open air, on the shores of rivers and on llanos, I enjoyed 
wnpl« cn^poitmiities of carefiilly examining thi» phenomenon. 
When the zodiootl light had been most intense, I hare ob-- 
served tiiat it irould be perceptibly -ireakened for a few 
minutes, until it again suddenly shone fortJi in fiill* bnl- 
liaiLcy. In some lew initanoes I have theu^t that I ooald 
peroeive— not exactly a. reddish coloratk)ii, nor the lower 
portion darkened in an ore-like form, nor even a scintiBatioBt 
as Mairan affirms he has obeerved — but a kind of flickering 

of iSerearf ind Teniu were visible (thrangluiiit tiieir whole esten^ 
we ihould ümmbl; olKerie thaia with tlie mat flgnre and in the 
mne potttion with regard Co the Son, ud at th< ume time of the jtmc,. 
with the lodiicd light." [Hin. in VAead.. t. w. 1730, p. 21B, nut 
Kot, in the Cimpta SaiditM, 1836, t iii. p. 666.) Cusini beliemd that 
tte nebulou ring at lodlacal light coTuisted of imnuuarable imoll plMMt^ 
nj tiodiei, TCTOhiag round the Sun. Ha eren went so far ai to belien. 
^t the Ml of fire balls might be connected with the panags of the Baidi 
Omagh the »dlacal lubnlou ring. Olmited, itaA e^KoollT Biot (of. 
dt, p. 673), have attempted to nubliih it« conneiioa with Uie Norem. 



IT phenomeDOD — a conneiioa wbidi Olben doohts. (Sdiam. Jahrb^ 
1837, t. 2t!l.) Regarding the qnartion whether Uie place of the lodiaeal 
B^ perfectlf coineidea with that of tbe Sim'i eqnalor, aee Usiuean ia 
Sckun. Aitr. Nachr., IB43, Nr. 492, b. 1»0. 
* St John Henchel, .^ifros., i 4Sr. 
k2 
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a&d warenng of the li^t. Mmt we suppose tiiat changes-, 
arc actually in progreBS in the nebulous ring ? or ia it not 
more probable, Üuit although I could not, by my metconilo' 

S'cal inalnunents, detect any change of heat or moisture near 
e ground, and small stan of the fifth and sixth magnitudes 
mm^red to shine with equally undiminished intensity of 
light, procesBCS of condensation may be going on in the 
uppermost strata of the air, by means of which the trans- 
parency, OT ratiier the reflection of light, may be modified in 
some peculiar and unknown manner ? An assumption of the 
existence of such meteorological causes on the confines of onr 
atmosphere, is strengthened by the " sudden flash and pulsa- 
tion of light," whi(£, accordit^ to the aente observations of 
Olbers, vibrated for several seconds through tlte toil of a 
comet, which appeared during üie confjnnnnce of the pulsa- 
tions of light to be lengthened by seyeral degrees, and then 
again contracted. As, nowerer, the separate partdoles of a 
comet's tsQ, measuring millions of miles, are very unequally 

• Arago, in the Annuairt, 1832, p. 246. Serer«] physic»! fBct« sppew 
to indimte that, in a mechaoical separatioa of matter into ita smalleK 
particles, if the huub be very smaJl in relstion to the surface, the electrical. 
tBUsion msf increase sufficiently for the production of light and heat. Ex. 
perimenta with a large concave mirror, luve not hitherto giiea ac; positive 
«Tidence of the prEsencs of radiant heat in the zodiacal light, (Lettre- 
de M. Matthieaaen & M. Arago, ia tbe Compte* Bendui, t. zri. 1843, 
^.TTÜ, p. 687.) 

t " What you tell me of the changes of light in the lodiacal ligU, »nd 
of the caasea to which you aacribe auch changes within the tropica, ia of 
tile greater interest Co me, since 1 haTs been for a long time past particu- 
larly attentive, evecy spring, to this pbenomenon in our northem latitudes. 
I, too, have always believed that the zodiacal light rotated ; but I assumed, 
(contrary to Poiason's opinion, which you have communicated to me,) that 
it completely extended to the Sun, vrith cooaiderably augmenting bright- 
maa- The light circle which, in totaJ solar echpses, is seen Eurrounding 
the darkened Sun, I have regarded as the brightest partioc of the zodiacal 
light. I have convinced myaelf that thia light ia very dilTerent in different 
jeara, often for several succeaaive years being very bright and diffused, 
whilst in other years it is scarcely perceptible. I think tbat I find the 
first trace of an allusion to the zodiacal light in a letter from Rothmann to 
5Vho, in which he mentions that, in spring he has observed the twilight 
did not close until the sun was 24° below the horiion, Rothmann must 
certainly have confounded the disappearance of the aetting lOdiacal light 
In ÖU) vapoun of the western horizon, with the actntd cessation of twilight. 
I'hne btted to obittre the jralsaCiona of the light, probably on account 
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distaiit frcnn die earth, it ig not poaaible, according to the lam 

of Üie Tclocitr and transmisaion of light, that 'we should be 
able, in fio short a period of time, to perceive any actual 
changee in a coBmical body of such vast extent. These con- 
Mderationa in no way exclnde the reality of the changes that 
have been observed in the emanations from the more con- 
deneed envelopes around the nucleus of a comet, nor that of 
the sudden irradiation of the zodiacal light from internal mo- 
lecular motion, nor of the inoreaaed or diminished reflection of 
l^ht in the cosmical vapour of the luminous ring; but should ~ 
simply he the meatiB of drawing o«r attention to tae differenceB 
existing between that which appertains to the air of heaven 
(the realms of universal space), and that which belongs to the 
strata of our terrestrial atmosphere. It is not possible, as 
weU-attested &cts prove, perfectly to explain the Operations 
at work in the much- contested upper boundaries of our ol;- 
mosphere. Ilie extraordinary lightness of whole nights in 
the jeia 1631, during which small print might be read at 
midnight in the latitudes of Italy and the Xorth of Germany, 



of At AüntaesB with «hich it kppeara in tlien countries. Tou are, how- 
erer, certainly nght in ucribing thoie rapid TRriatiooB in tlie liglit of tba 
lieavealj bodies, which yoa bare perceiied in trapicsl climatea, to Oor 
own atmoBphere, and especiallyto its bighei regioni. This ii moat atrik- 
inglf aeen in the tails aF lai^ cometa. We often obserre, espedillf in fbt 
clearest «eother, that tbeao t^ls eihibit pnlastioni, commenciog from tbft 
htad, B9 being the lowest part, and vibrating in one or two gecond* through 
the entire tail, which thaa appears rapidly Co become some äegreea longer, 
bat again aa rapidly contracta. That theae nndnlotiona, whinh were formerly 
noticed with attention by Robert Hooke, and in more recent times by 
Schröter and Chladni, do not actually occur in the lailt qf the eomtii, 
but are produced by our stmospbere, is obvioua when we recollect that 
'the individual parts of thoBC tails (whicb are many milliong of milea in 
length), lie at vtry afferent diitancei from ns, and that the light from 
their extreme pointa can only reach us at intervals of time which differ 
sereral minutes Nomone anotiier, Whetherwhat yon saw on the Orinoco, 
not at intervals of seconds bnt of minutes, were actual comacatdons of the 
zodiacal light, or whether they belonged exdoHvely to the npper atrala of 
oor atmosphere, I will not attempt to decide. Neither csn I explain the 
Tcmarkshle lighinett of uhole niji Alt, nor the anomalous angmentation and 
■prolongation of the twilight in the year 1B31, particularly if, as haa been 
n9narked,the listest part of theae singular twilights did not coincide with 
the Sun'a place below the horizcm." (From a letter written by Dr. Olbert 
'to mytelf, and dated Bremen, March 2Gtb> 1833.) 
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Ü a Ikot direoäy at Tirinicc -widi sIl lltat ire Icnoir, accordmg 
to ä» moft recent and aente NKttrchies on the aepnacnlHr 
illaiiiij , mill iiniii 111 i[i,1il »r till iiliiiiiiiiilii II ~ The p' 



•«f Ki^ depend ^on conditione still fees nndetstood, and their 
umiüliilüy st twinght, ■■ vell os in äie zodiacal light, ezcitB 



We have lütherto consideied that urluch bdonga to onr solar 
■jSliiii lliiil witild (rf material Ibrnis Rorenied by the Son— • 
"whidi inchulea ^e primary and secondaiy phmeta, comets of 
short and loi^ perii>dB of revolution, meteoncastenndsiwhidk 
move thronged together in^streams, either sporadicaUy or is 
deaed rings, and finally a Inminous nelndone img, that rerolTOa 
nond the Smi in the Tioinity of üie Earth, and tor which, 
wring to its poaition, ve may retain flie name of zodiacal 
light. E^erynheie the law of periodicity governs the motions 
4)f äiese bodies, however difibrent nay be the amount of tan- 
gential velocity, or the quantity of tiieir-a^lomerated material 
pasts ; the meteoric asteroids whitdi enter onr atmosphere from. 
the external regions of imiversel space, are alone arreeted in, 
the course of their planetaryreyolution.and retained within the 
qpbere of a. la^;er planet. In the solar system, whose bound» 
arias detemnoe the nttraetive ibroe of the central bo^, oometa 
are madetoTevolve in their elliptioal orbits at a distance 44 
times greater than that of Tlranus ; nay, in those comets 
frtiose nucleus appeeisto us, from its inconsiderable maas, like 
a mere pausing cosmical cloud,the Sun exercises its attuotive 
Ibrce on the outermost parts of the euuuuttione radiating from 
the tail over a space of many millions of miles. Central 
Ibreea, therefore, at onoe eonstttute and maintain the ^'stem. 
Our Bun mtc^ be considered as at rest when compared to bB 
file large and small, dense and almost vaporous cosuucal bodies 
that appertain to and revolve around it ; bat it actually rotates 
round the commam centre of gravity of the whole system, 
which occasionally Uls within itself, that is to say, renumm 
■within the material circumference of -flie Sun, whatever 
changes may be assumed bv the positions of the planets. A 
very different phenomemm is that presttitsd by the tnuulatoiy 
nu^ionof the Sun, that ii, the pn^resai« motion nfthoMotie 

■• Biot, Dtäil i^AttTM. PlignjM, »no U» 1841, t..i. m-lti. 
»8, snd ai2. 
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.«f granta- of -the whole soliu' ayitam in imiTerMl moe. Ite 

-veleeH; ss uaak* that, accoidiag to Bewel, the relative motion 
of the Sun, and that of 61 Cygiu, ia not leas in one day than 
£,336,000 geogr^ibical miles. Thk change of the entiie 

«olar ^«tam would mnain unknown to ua, if the admiralde 
caotctaeM of our utronoiuical instrmnestii of measurement, 

and the adrancesuait mcenüy made in the art of obserring, 
did not cstMeour advance towarda remote atara to be per- 
ceptible, like an approxijoatios to the objects cf a distant 

lOhore in apparent motion. The proper motion of the star 61 

X!^^^ for mstanee, ie lo coneidernble, that it has amaunted to 

4 whole degree in the courae of 700 years. 

ü%e unoont or quantily of these alterationa in the fixed 

tCtars (that is to aay, the changes in the relative position of 

.aalf-'lumiiioos etaiB towards each other), can be determined 
^th a greater d^;rce of certainty than we are able -to att^i 
to the genetic explanation of the pheuomenon. After t flW'^ g 
'into consideration what is due to the precession of the eqio- 
noxes, and the nutation of the eaitb'« osis producad by the 

.action of the Sun and Moon on the spheroidal figure <^ ottr 
globe, and what may be asorlbed to the tranamisaion of l^t, 

^tiiat is to sav, to its aberraticm, and to the parollas foimea t^ 
the diametrically opposite position of the £arth in its courae' 

«>und the Bun, we still find that there is a residual portion of 
itberonnual motion of the fixed stars due to the translation of 

•the whole solar syvtem in universal space, and to tbe true 
proper motion of the atais. The difficult problem of numeii- 
mUyseparating these.two elements,lhe true and the apparent 

nustion, has b^ e£fectedbytbe c»efal study of the direotioo 
of the motion of certain individual stars, and by the consider- 
ation of the &ct 'that, if all the stars were in a state of absolute 
rest, they would appear perspectively to recede fconi the point 
in apace towards which the Sun was directing its couiae. 
iBut the ultimate rwi^t of this investigrtioa, oonbrmed l^ tlie 
ealouln» of probafetlitira, is that our sdar system and the stare 
4>ath change their places in tpaoe. Aocording to tiie admir- 

* £<Hal, in StäamuAirt.JÜr 1839, s. &1 ; piobublj fonrmUlioBtof 
inttw dulf, in a-nlali«* Tdodtf of «t Om ImsE 3,33fi,D0D milM. or m«« 
thsn doable the velocit; of rcrolation of tlie Etuth.iolMr'ili'Ut nnad 
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■ble reaearchcs of Argelander, at Al», wim hu cxfendod and 
more perfuctif developed the work b^on by William Heischel 
and FrevoBt, the San mores in tlie ditection of the constella- 
tion Hercnles, and probably, from the combination of tbs 
obgervationB made of 537 stars, towards a point lying (at ^r» 
equinox of 17925) at 257" 49', 7 R.A.. and 28* 49'-7 N.D. 
It ia extremely difficult, in inveetigationa of this nature, to 
separate the absolute from the relative motion, and to deter- 
mine what is alone owing to the solar system. 

If we consider the proper, and not the perspective motion« 
of the stars, we shall find many that appear to be distributed 
in groups, having an opposite direction ; and &ct8 hitherto 
observed, do not at any rate render it a necessary assomptioa, 
that all parts of our starry Stratum, or the whole of the stellar 
islands filling space, shoidd move round one large unknown, 
luminous or nan-lununoas central body. The tendency of the 
human mind to investigate ultimate and highest causes, cer- 
tainly inclines the intellectual activity, no less than the imagi- 
nation of mankind, te adopt such as hypothesis. Even the 
Stagyrite proclaimed that " everything which is moved must 
be referable to a motor, and that there would be no end to 
the concatenation of causes, if there were not one primordial 
immoveable motor,"* 

The manifold translatory changes of the stars, not those 
produced by the parallaxes at which they are seen from the 
changing position of the spectator, but the true changes 
ccmstanüy going on in the regions of space, afford uB inctm- 
trovertible evidence of the dominum of the law» ofallraetÜM, 
in the remotest regions of spaee, beyond the limits of oUr 

* Rt^arding the motion of the >olsr ifrtem , BccQnUng to Bnillej, 
Tobiu Mayer, Idmbert,Lalsnde, uid William Herüchel, see Arago, in&e 
Aimuttire, 1813, pp. 3S8-S99 i ArgeluiiUr, in Schnm. Attron. ffacHr^ 
Nr. 363, 364, 393, and io the treatise Von der eigaun Betuegmiff dt* 
SofuiAUjvfnu (On the proper motian of tlie Solu- Sjiteni), 1837,1.43, 
mpecting Pencils ■■ the central bodf of the vhde stellv itraCain ; like- 
wise, Otho Strnie, in the Bail, de I'Acad. dt St. Petent., 1B42, t. (. 
No. 9, pp. 137-139. The Lut-named astronomer has found, by a more 
recent combination, 261' 23' R.A. + S7° 36' Decl. for the direction of 
the Snn'i motion, and talcing the mean of his own reanlts vith that of 
Argelander, we have, hj a combinatdon of 797 start, the formula, 259* V 
ILA. +34° 36' Decl. 

t Arirtot, d* Cirh,m. 2, p. 301, Bekker ; Pft., vilL 5, p. 25fl. 
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aokr system. The existence of these kws ia revealed ti> m 
by many phenomena, as for instance by the motion of double 
stars, aöd by the amomit of retarded or accelerated motion in 
different parts of liieir eUiptic orbits. Human inquiry need 
no longer pursue Ulis subject in the domain of vogue con- 
jecture, or amid the undefined analeres of the idesi -world ; 
for even here ihe progress made in the metliod of astronomical 
observatioBS and calculations has enabled astronomy to take 
lip its position on a firm basis. It ia not only the discovery 
of the astounding numbers of double and multiple stars re- 
.Tolving round a centre of gravity lying withmtt their system, 
(2800 such systems having been discovered up to 1837) but 
rather the extension of our knowledge regarding the funda- 
mental forces of the whole material world, and the proo& we 
have obtained of the tmiversal empire of the laws of attraction, 
that must be ranked among the most brilliant discoveries of 
the age. The periods of revolution of coloured stars present 
the greatest differences ; thus, in some instances, the period 
extends to 43 years, as in i of Corona, and in others to several 
thousands, as in 66 of Cetus, 38 of Gemini, and 100 of Pisces. 
Since Herschel's measurements in 1782, the satellite of the 
nearest star' in the triple sj'stem of C of Cancer has completed 
more than one entire revolution. ByaskilfiU combination of 
Üie altered distances and angles of ^sition,* the elements of 
these orbits may be found, conclusions drawn re^rding the 
absolnte distance of the double stars from the Earth, and 
comparisons made between their moss and that of the Sun. 
■Whether, however, here and in our solar system, quantity of 
matter is the only standard of the amount of attractive force, 
or whether speei^c forces of attraction proportionate to the 
mass, may not at the same time come into operation, as Bessel 
was the first to conjecture, are questions whose practical soln- 
tion must be left to future ages.f When we compare our 

* Sbtu7, in the OmnaUiance dei Tena, 1830, pp. 56 and 163. Encke, 
Beri. Jahrb., 1832, a. 253, &c. Arago. in the Auntiaire, 1S34, pp. 
260. 295. John Henchd. in the Memoiri ofiht Astronom. Soc, lol. v. 
p. 171. 

+ Bessel, UhtermcAutiff d« TMli der piimeiariti:hen Stemngen, 
imieAe ant der Beteegvag der Sonne entliehen, (Ad Investigation of the 
portiOQ of the PlanotBry Disturbancea depending on the motion of the 
San) in Abh. der Bert. Akad. der Wittenteh, 1B24 (Mathem. ClsE«e^, 
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^fltm witli the other fixed stare — tiiat is, iritfa other eelf-lumi- 
soBS Bvsa in the lentioular etarry Stratum of whieh our sr«- 
■tem forms a 'port, we 'find, at least in the caBO of some, that 
^jhannels are opened t« t», 'whioh may lead, at all ernifs, to 
-«n aj^nximate and limited knowledge of their relatire dis' 
tanoei, Tolumes, and masses, and vX the T£j»eitiea of -Üieir 
inuifihitory motion. If we enume the distanoe of TJranns 
-■from the Sun to be ID times that of the Earüi, that is to say, 
19 times as great ae that of the 6im frem the Earüi, the cou 
#al body of our planetary system will be 11,900 times the 
distanoe of UnuiiiB from the *tar a in the constellation Cen- 
.taur, almost 31,300 from 61 Oygni, and 41,600 frtnn Vega in 
Ihe constellation I-Tra. The comparison of the volume of 
the Sun with that of the fixed stare of the first magnitude is 
^pendent c^n the apparent dmmeter of the latter bodies,— 
an extremely mieertain optical element. H even we aasome, 
with Herschel, that the apparent diameter of Arotnrua is only 
a tenth part of a seoond, it still foUows that the true diameter 
of this star is 11 times greater than that of the Sun.* The 
distance of the star 61 Cygni, made knoim by Bessel, has 
led approximately to a knowledge of the quantity of mat- 
ter contained in this body as a double star. Notwiäutanding 
that since Bradley's obsrärations, the portion of the apparent 
orbit trayei«ed by this star, is not auffioiently great to admit 
of our arriving with perfect esBctness at the tiue orbit and the 
major axis of this star, it has been conjectured with much pro> 
bability by the great Königsberg astronomer,! " ^^^ ^'^ K^^^ 
of this double star oannot be very considerably larger or 
smaller than half of the mass of the Sun." This result is from 
actual measurement. The analogies deduced from the rela- 
tively larger mass of those planets in our solar system that 
are attended by satellites, and from the &ct that Struve has 
äiscovered aix times more doable stars amongst the brighter 

«. S-€. Hw qootioD hu been rahsd by Jcäm Tobias Majir, in C&at- 
MWf. Sec.Beg. GOHing., 1S01-180B, tdI. zvj. pp. 31-68. 

* PhOoi. Tnaw. far 1803, p. 2iS. Aiago, in the Ammaire, IS43, p. 
375. In order to obtain a clearer idea of ti)B distsnces ascribed in a 
ntbar mlier put of the text to the fixed Man, lit na uaoim that the 
Earth ii a diitaun of one foot frem the Sun; Unnniiithaa IS bat, nU 
!P^a Lyre ia lüB geographical milas trom it. 

.t BmmI, in Gduiat.^«M„ JIB», •. S3. 
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^UB amongst tiie Meecopio fixed stan, hare ledotiieT astro- 
4iomen to ooDJeature, Üurt tbe ayeraee mass of the lai^er 
-number of the bimry stan esoeeds &e mua of the fiun^* 
We an, hov^Ter, fiir from having arriTed at general remilts 
. <ngarding this subjeot. Oar 'Sun, acoordit^ to Argelonder, 
Itelonga, wiäi referänoe to proper motioa in ipaee, to the daae 
<Df rapidly moving fixed stars. 

Xhe aspeot of the «tany heaveiui, the lelatiTe positiDn of 
istars and nebule, the dijitribution of their InminouB maases, 
-die motureique beauty, if I may so e^nvw myself, of äie 
whole firmament, depend in the course of age»conjoint)y upon 
ihe proper motian of the etwB and nebnlee, the bvnalation of 
lonr loliiT system in q»ace. the appearance of nev stars, and 
-äie diasppearanae or sudden diininution in the intensity ctf 
Tthe light of othoB, and, lastly and speoially, on the cha^;ee 
ifldcli the Eaith'B axis experiences mim the attraction, of the 
Sun and Moon, The beautifiil stais in Üie constellation of 
-tite Centaur and the Bouthem Crosa, will -at some future time 
ke -visilde in our northam latitudes, whilst other stars, as 
SinuB and the stoM in 1]ie Belt of Orion, will in their turn 
'disappear below the boriion. The plaoes of the Korth 
Fob irill «Kcesdvely be indicated 1^ the stais ß and n 
G^hai, and ACygm, until after a praiod of 12,000 years, 
Vega in Lyra 'wülsluae fbrth ai üke brightest of all possible 
•pole Stan, muse data ^vens some idrä of the extent of the 
•mmtiBBS which, divided mto infinitely small portions of lime, 
Tprooeed withont intenuisüon in the great al^onometer of the 
vnivnee. S tat a numient we could yield to the power of 
■Aaty, and '""F'^" the aooteoBBS of our visual organs to be 
mmdfi tqaai wit£ tiie extremest bounds of telescopic vision, and 
ibring together that which is now divided by long periods of 
time, the apparoit rest that reigns in space would sudden^ 
.diM^pear. We should see the countlew host of fixed stars 
imovmg in thronged groups in difieient diiectionB ; nebuls 
•wandmiug through spaoe, ajid beeotning condmsed and dis- 
:aolTed like cosmicBl clouds ; the veil of the Milln' Way sepa- 
mt>d audbrakan 19 in many paits, and su^MnrulingBapmnB 
in every portion of the vault of heaven, oven as on the Earth's 
. '«lufiioe, where we Me it unfolded in He germ, the leaf, and 

* MidlMr,.ifAm, t.in(SlMht6aknuJ«ilvL,183S,m.S&. 
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tbe blossom, the orgmugmg of the vegetable worid. The cele- 
brated Spaniah botanist, Cavanüles, was the first who entev- 
tained the ides of " seeing grass grow," and he directed tbe 
horizontal micrometer threads of a powerfhlly magnifying 
glass at one time to the apex of the shoot of a bambusa, and 
at another on the rapidly growing stem of on American aloe 
[^gave Amtricana), precisely as 'the astronomer places hi« 
cross of network against a culminating star. In the coUectiTe 
life of physical nature, in the organic as in the sidereal world, 
all things that have been, that are, and will be, are alike 
dependent on motion. 

The breakii^ up of the milky way of which I have juet 
spoken, requires special notico- Wifiiam Herschel, our safe 
and admirable guide to this portion of the regions of space, has 
discovered by his star-gaugings that the telescopic breadth of 
the milky way extends from six to seven degrees beyond what 

' is indicated by our astxouomical maps, and by the extent of 
the sidereal radiance visible to the naked eye.* The tw» 
brilliant nodes in which the branches of the zone unite, in the 
r^on of Cepheus aod Cassiopea, and in the vicinity of Scorpio 
and Sagittarius, appear to exercise a powerM attraction oa 
tiie contiguous stars; in the most brilliant part, however, 
between Sandy Cygni, one half of the 330,000 stars that have 
been discovered in a breadth of 5' are directed towards one 
side, and the remainder to the other. It is in this part that 
Herschel supposes the layer to be broken up.f The number 
of telescopic stare in the milky way, uninterrupted by any 
nebulco, is estimated at 18 millions. In order, I will not say, 
to reaUse the greatness of this number, but at any rate to 
compare it with something analc^ous, I will call attention to 
the fact that there are not in the whole heavens more than 
about 8000 stars, between the 1st and the 6th magnitudes, 
visible to the naked eye. The barren astonishment excited 
by numbers and dimensions in space, when Dot considered 
with reference to applications engaging the mental and per- 
ceptive powere of man, is awakened in both extremes of the 

- universe, in the cdestul bodies as in the minutest animal- 

* Sir 'William Henchcl in Üie PAüM. Trmuatl. for 1817, P. II. 
p. 328. 

t Ango,' in the Aruauäre, 1B12, p. 450. 
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enles.* A cnlöc inch of the polishing elate of fiilin contains, 
acooTdiog to Ehrenbei^, 40,000 millions of the sHiceoos 
täusÜB of Galionelle. 

The stellar milky way, in the region of which, according to ' 
Aigelaader'B admirable obserrattons, the brightest stars of the 
firmament appear to be cougr^ated, is almost at right angles 
with another milky way, composed of nebals. The former 
constitutes, aecordmg to Sir John Herschel's views, an annulus, 
that is to say, an independent zone, somewhat remote from 
otir lenticular-shaped starry stratum, and similar to Saturn's 
rii^. Our planetary system lies in an eccentric direction,' 
nearer to the region of the Cross than to the diametri- 
cally opposite point, Cassiopea.f An imperfectly seen 
nebulons spot, mscovered by Messier in 1774, appeared to 
present a remarkable similarity to the form of our starry 
stratum, and the divided ring of our milky way.J The milky 
way composed of nebuke, does not belong to our starry 
stratum, but surrounds it at a great distance without being 
physically connected with it, passing almost in the form of a 
large cross throi^h the dense nebulee of Vii^, especially in 
tiie northern wing, through Couue fierenicis, Ursa Major, 
Andromeda's girdle, and Pisces Boreales. It probably inter- 
sects the stellar milky way in Cassiopea, and connects its 
dreary poles (rendered starless from the attractive forces by 
which stellar bodies are made to agglomerate into groups,)§ 
in the least dense portion of the starry stratum. 

We see from these considerations, that our, starry cluster, 
which bears traces in its projecting branches of havii^ been 

* Sir Jobn Henchel, in a letter from Peldhayien, dated Jan. 13tb, 
1836. NichoU, Archiltctvre of the Heaemi, 1838, p. 22. (See also 
gome sepEiTite notices bj Sir William Hereohel on the starless space 
which separates us by a great distance from, the MiltjWaj, in the Philat. 
Transacl. for 1817, P. II. p. 328.) 

t Sir John Herschcl, Aslreaom., § 624 i likewise in his Obaervaliata 
on Neltils <md ehatera of Stan {Phil. Traniact. 1B33, P. II. p. 419, 
fig. 25) " We have here a brother system, bearing a real phjaical resem- 
blance and strong aoologj of structure to oar own." 

J Sir William Herschel, in the Phil. Traiu. for 1785, P. 1. p. 257. 
Snr John Herscliel, Aitron,, J 616. ('The nfbulota TCgioa of the heareai 
forms a nebuloiu miUa/ aag, composed of distinct nebuln u the other of 
Mara." The same abserration tu mad« in a letter he addreaied to me. 
in March, 1829.} 
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Bubjeoi in tlu course of time ts yanaaa- metamoiplkMe«, mah 
evinoea a tendency to dissolv« aoA st^anta, owii^ to atOMb 
darj centres of attraction — is surrounded b^ two rings, omv 
(£ wbich, tbe nebulouB aone, is vaj remote, iriale tbe 
other is naarra, and oompcMed of stats alon«. Xhe latter, irtadl. 
m genemlly term the Milk; Way, is oompeMd of nebnloo» 
itais, averaging from the lOtli to the 11th dtgree of nugniw 
tude,* but a{q»eariiig, vrben otauddend JadiTidnally, of Toy 
different magnitudes; whilst isolated et&rry cliiatö« (gtany 
nvarms) almost always exhit»t thronghoat.a oharact^ of gre^ 
iimfi>rTnity in magnitode and bnllianoy. 

In -whatever pmt the vanlt of heaTen has been pi«rced hf 
' powerful and far-peuelTatii^ taleaeopo inrtnuneuta, stars or 
bunkutua nelnJ» are ereryi^cre diacoreiable, the former, m 
Bome cases not exceeding the 20th or 24th d^ree of teleseopis 
magnitude. A portion o£ the nebulous Tsponr would probably 
be fonnd resolvable intc stars by mto« powerful optica inatm- 
Bests. As the retina retains a. less vivid impressioa of aoft^ 
rate than of infiaitely near luminona points, leas stztxigl^ 
mailed photometric, relationa are excited in the latter caae, 
as Arago baa recently shown.f The definite or amorphoas' 
Cosmical vu>our so univeisally difi^ed, and which generate* 
heat tluYii^E condensation, jHobably modifies the trani^tareaey 
of the universal atmosphere, and (Sminishes Üiat uniform in- 
tensity of light which, according to Halley and Olbere, shonld. 
arise, if every point throughout the depths cS apace were filled 
by an infinite series of stare.^ The assumption uS such a dis- 
tnbution in space is, however, at varianoe with obaervatioB; 
which shows us large starless regions of space, openings in the 
heavens, as William Herschel terms them— ^ne, four d^reea 
in width, in Scorpio, and another in Serpentaritu, In äiS 
vicinity of both, near their margin, we find unicsolvable ne- 
bulce, of whidi that on the western edge of the opening in 
Scorpio is one of the most richly thronged of the dusteiB of 
small stars by which the firmament is adorned. Herschel 
ascribes these openings or starless region» to the attractive 

* Sir John Herachel, Aafro»., f 585. 

t Arago, in Üle Atmwäre, 1843, pp. !S2-265, 409H11, Dsd 
«9-442. 

X OlbcTB.ontlietreiuDueucyof celesäalBpam,iiiBode'a/iiM.,ia26, 

r. 110-121. 
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and a^ßMaav&m taisa of tto matgMl gtvO^.* "-Tbijr 
MB puis of our itnny stratom," aays he, witb lus navftl 
BaeeM ammation of style, " Üiat have experieBBsd greftt 
derastatÜKL fron time." If «e pictors to onndTC« &» 
miasoapic stan Iräg behiod cms another as a starry can^y 
nead ore« the Wilt of heayen, these stallen n^tna in 
Brarpio tnd Seipmtariat may, I think, ba r^arded as tobet 
throu;^ which ^re m&y look into the resiateflC dopthe oC 
^Ku». Other stars nucy certaiidy lie in those porta iritem 
the strstB fttrmiiig the ouiopy ftie interrupted, but the« 
ue unattaiiiable by onr instnnncaitB. I^ aspect of ßei^ 
Meteors had led the ancieBts likewise to tlie idea oi deös 
or (qteniiigs {ekannata) in the vaalt of hearen. lliese opona 
bgs «ore, howerer, only regaided u transient, whilst the 
leason of their being lumiootu and fiery, instead of obsouza« 
was Bopposed to be owing to the translncent iUnminnted 
ctbn- which itty be^oad them.f Derhain and even Hu^ena, 
did not app«ir ditmolincd to explain in a similar maimer tha 
mild radianee of the nebube.J 

"When we compare the stars of the first magnitude, 'friiioh 
tea aa arerage arc certainly the nearest to ns, with the ntm- 
nebulous telescopic stars, and Airther, when we compere the 
nebulous stars with unresolTable nebul«, for instuice, with 
the nebula in Andromeda, or even with ate so-called phu 
Betary nebulous vapotir-, a fact is made mamfest to ns by the 
MosidevatioA of the Tarying distances and the bonndlessness 
of sptkco, which ^owe the world c^ phenomena, and that which 
constitutes its causal reality, Co be dependent upon the jiro' 
potation of Uffht Hie velocity of thi»pr(^)^etion is, accord' 
ing to Stnive's most recent iuvestigations, 166,072 geo- 
^raphieal miles in a leco&d, conseqaently almost a million of 
times greater than the Telocity of sonnd. According to the 
measurements of Maclear, Bessel, and StruTe, of the paral- 
laxes and distances of three fixed stars of very unequal magni- 
tudes (a Centaun, 16Cygni,aBdaLyne), a ray of light requires 

* " An opMini in the Iurtchs," 'Willinn HmcLel ia OiePUl. Trv». 
»at 1785, ml. ixrr. F. 1. p. 2M. Le Vrm^ IdJmdi, in tha ComaiM, 

4t* liaupoiir l'AnVUl.,p. 383. Ango, intbe..4niauire,1842,p. «2S. 

t Aristot., Mtlfor., U. S-, 1. 8rae«, JVoAir. Qaatt., i. 14, 3. 
'^Coelam itiKMniae," in Cic, de DMa., i. 43, 

t Aiago, in the Amuaire, 1842, p. 429. 
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reroectively 3, 94, and 12 years to reacb us from diese tiitee 
bodies. In the short but memorable period between 1 S 72 and 
1604, from the time of Cornelius Gemma and lycko Brahe to 

that of Kepler, three new stare suddenly appeared in Cas- 
nopea and Cj^ns, and in the ibot of Serpentarius. A simi- 
kr phenomenon exhibited itself at intervals in 1670 in the 
constellation Vulpis. In recent times, even since 1837, Sir 
John Herschel has ol^erred, at the Cape of Good Hope, the 
brilliant star ij in Ai^ increase in splwidoiiT from the second 
to the first m^nitude.* These events in the univeree belong, 
however, with reference to their historical reality, to other 
periods of time titan those in which the phenomena of light 
txe first revealed to the inhabitants of the Earth : they reach 
us like the voices of the past. It has been truly said, that 
with our large and powerful telescopic instruments we pene- 
trate alike through tiie boundaries of time and space : we mea- 
sure the former through the latter, for in the course of an hour 
a ray of light traverees over a space of 592 millions of miles. 
Whilst, according to the theogony of Hesiod, the dimensions 
of the universe were supposed to be e^ressed by the time 
occupied by bodies in lalling to the ground ('* the brazen 
anvil was not more than nine days and nine nights in falling 
fi^m heaven to earth,") the elder Herschel was of opinion-]- 
that light required almost two millions of years to pass to 
the Earth from the remotest Inmiuous vapour reached by his 
40 foot reflector. Much, therefore, has vanished long before 
it is rendered visible to us — much that we see was once dif- 
ferently arranged from what it now appears. The aspect of 
the starry heavens presents ns with the spectacle of that 

* In December, 1B37, Sir Jnhn Herschel law the star it Argo, which 
till that time appeared as of the Eecond magnitade, and liable to no 
change, rupidl^ increase till it became of the first magnitude. In 
Januarj, 1839, the intensity of its liglit was equal to that of a Centauri. 
According to our latest informalioD, Maclear. in March, 1843, found it 
as bright ns Canopas ; and even a Cmcis looked faint b; i Argo. 

t " Hence it foUons that the rays of light of the remotest nebul« must 
have been almost two millions of years on their way, and that coDae- 
qnently, ao many years ago, this object must already have had atf 
existence in the sidereal heaTCn, in order to send out those rays by which 
we now perceive it." William Herschel, in the PAH. TVaiu. for 1802, 
p. 49S. John Herschel. Astnm. i SSO. Arago, in the Jmmairt, 1342, 
pp. 334, 359, and 3SS-335. 
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vUch IB only apparentty ginuilttmeoiu, and kowerer much 
we may endeavour, by the aid of optical instniments, to 
bting uie mildly'radiant vapour of nebulous masses or the 
fiuuuy-glimmering stony clusteni nearer, and iHmiiiia}i the 
thousands of years intenxjsed between us and them, that 
sere as a criterion of then* distance, it Btül remains more than 
probable, firom the knowledge we possess of the velocity of 
the transmission of luminous rays, that the light of remote 
heovenly bodies presents ns with the most ancient perceptible 
evidence of the existence of matter. It is thus that the 
teflective mind of man is led &om simple premises to rise to 
those exalted heights of nature where in the light-illumined 
leolme of space " myriads of worlds are buretmg into life, 

. like the grass of the night."* 

From the regions of celestial forma, the domain of Uranus, 
we will now descend to the more contracted sphere of terres- 
trial forces — to the interior of the Earth itself. A mysterious 
chain Unka together both classes of phenomena. According 
to the ancient signification of the Titanic myth,f the powers 
of organic life, that is to say, the great order of nature, depend 
upon the combined action of heaven and earth. If we suppose 
that the Earth, like all the other planets, primordially belonged, 
according to its origin, to the central body, the Sun, and to 
the solar atmosphere that has been separated into nebulous 
rings, the same connection with this contigaous Sun, as well 
as with all the remot« Suns that shine in the firmament, is 
still revealed through the phenomena of light and radiating 
heat. Hie difference in the degree of these actions must not 
lead the ph^iciBt, in his delineation of nature, to finget the 
connection and the common empire of similar forces in the 
nniverse. A small fraction of telluric heat is derived from 
the r^ons of universal space in which our planetary system 
is moving, whose temperature (which, accordmg to Fourier, is 
almost equal to our mean icy polar heat) is the result of the 
combined radiation of all the stars. The causes that more 
powerfully excite the light of the 8un in the atmosphere and 

.in the upper strata of our air, that give rise to heat-engen- 

* From my brather't beiutiM lODiKt " Fnilidt und Gewti." (VJL 
IwliE TOD Uamboldt, Gamimtltt Wtrit, bd. It. i. 35B, No. SS.) 
t Ottfried MUller, Proltgomtna, ■■ 373. 
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Aerme eleetrio and nuignetio currento, and awelran and geni- 
ally nvify the rital sp^ in oi^anic Etruotnres on Üie eulfc'a 
«nifece, 'most be Teaerved for tiffi subjaot of our future songi- 
demtion. 

As'we puipoae for the present to ocm&ie ounelm exda- 

'«▼e^ -within the telluric «phere of nature, it will be'ezpe- 
dirat to cast a prelinunary glance orer- the relatiana inspace 

'of«>lidsaad fluids, the foni of tke Earth, tts mean damiy, 

'and the pottiiil - dtstribntion of this density in "the interior 
«rf our plaaet, it« tempwature and its electro -megnetio -ten- 
sion. 'From the eomidcration of thne relations in spaoe, 

'a^ of the fbraes iahemat in matto', «e shall pass to ihe 
MaotioD. of'the interior on the exterior of our globe; and 
to the special consideration of a unifftiaallj diatribnted nata- 

tbI power— eubterraBeaa heat ; to tiie ^eo(»neBa of earth- 
qaakeB, exhibited in anequally expanded cirtdes of conuno- 

"tmn -ii^ch are not lefeiable to the aeliim of dynamic laws 

'.alone; 'to the Bpringiog forth of hot 'woUs; and lastiy to the 

'more powerful actions of Toleanio processes. The crust of 
the earth, which may soaroely have been perceptibly elevated 
l^the sudden and repeated, or almost uuinteirupted shooks 
1^ vriiich it has bean mored from below, imdergoes, nover- 

'theleea, great changes in the oourse of eentnries in the rela- 
'tions of Ihe elevation of s^d portäons, when compared with 
tiie siir&ce of the liquid parts, and even in the form, of the 
bottmu of the sea. In this manner simultaaeous temporary 
or peFmanent' fissures areopened, by which the interior of 
äie Earth is brou^ in oontstet wiÜi the external atmosphei«. 
SIolten'maBHea,'rising &aman ui ^Kw ni depth,'&i>w in nanow 

'Streams along the decti'vity of mountans, ruahW^unpetuooalj 
(mwarda, «r moring slowlyai^ gently, aniil thc'fiery soaraeis 
'qneached'in'the midst of eshalatioDs, and the lava hectNaes 
encnErted,«a it w«re, by Üio soüdifioatian of it» outersufeee. 
New masses of Toohs srethus'fermed'b^OTe oureyes, whikt 
'the- <^0r ones are in their torn converted into other fsTiBS by 
tiie greater or lesser agency irf platoaiic forees. Even wfaoe 
no'däspuption takes '|aaee the erystalline nv^eeahs are dis- 
placed, combining to form bodies of denser texture. The 
xrater presents -«traetares of a-totolly lUffeMnt nature,'as, for 
instance, concretions ot animal and 'vegetable -remains, '«f 
earthy, calcareous or aluminous precipitates, a|^lomeratioiis 



DyGoogle 



IKBBBSIKIAli PHEHOMEKA. HI 

of finely -pulverized mineral liodies, covered with. layers of the 
■OiceouB shielde of in^isona, oad nitli transported soils con- 
taining the bones of foBsü animal forms of a more ancient 
m>rld. The stiuly of the strata wliich are so difibrently formed 
and arranged before our eyes, and of all that has been so vati- 
ously dislocated, contorted and upheaved by mutual compres- 
sion and volcanic force, leads the reflective observer, by 
simple analogies, to draw a compariaon between the present 
and an age Srnt has long passed. It is by a combination of 
actual phenomena, by an ideal enlai^ement of relations in 

Sace, and of the amount cS active forces, that we are able to 
vance into the long sought aod indefinitely anticipated do- 
main of geognosy, which has only within the last half centu^ 
been based on the solid foundation of scientific deduction. 

It has been acutely remarked, " that notwithstanding our 
continual empl(mnent of laree telescqpes, we are less ac- 
quainted with the exterior than with the interior of other 
Caets, excepting perhaps our own satellite." They haT© 
n weighed, and their volume measured ; and their mass 
and density are becoming known with constantiy'increasin^ 
.exactness, tfiaul"" to the progress made in astrcniomical o1^ 
servation and calculation. Their physical character is, how- 
ever, hidden in obscurity, for it is only in our own globe that 
we can be brought in immediate contact with all the elements 
of organic and inorganic creation, The diversily of Hie mtXt 
heterogeneous substances, their admixtures and metamox- 
phoses, and the ever-changing play of the forces called into 
action, afford to the human mind both nourishment and emoy- 
ment, and open an immeasurable field of observation, from 
which the intellectual activity of man derives a great portiim 
of its grandeur and power. The world of perceptive pheiu^ 
mena is reflected in the depths of the ideal world, and the 
ridiness of nature and the mass of all that admits of clasaifim- 
tion, gradually become the objects of inductive reasoning. ! 

I would here allude to the advantage of which I have 
.«beady spelean, poweined by that portion of physical goience 
whose angin is familiar to us, and is connected with ma 
earthly existence. The physical description of oeleetitll 
bodies, from üit remotelvTglimmering nebules with thee 
Buns, to the central bo^y of our own aygtem, is limited, as «p 
have seen, to general conceptions of the volume and quantity 
k2 
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of matter. No maniieatatioTi of vital DctiTity ü üieie pi^ 
Bented to our senses. It is only from analogies, frequently 
from purely ideal combinations, that -we ha^j^ conjectures 
on tLe specific elements of matter, or on their TOrious modifi- 
cations in tlie di&rent planetary bodies. But the physical 
knowledge of the heten^neous ciature of matter, its (^emical 
difi'erences, the regular ibrms in which its molecules combine 
together, whether in crystals or granules ; its relations to the 
deflected or decomposed waves of light by which it is pene- 
trated; to radiating, transmitted, or polarised heat; and to 
the brilliant or invisible, but not on Üiat account less active 
phenomena of electro-magnetisnt — all this inexhaustible trea- 
sure, by which the enjoyment of the contemplation of nature 
is BO much heightened, is dependent on the surface of üt« 

Elanet which we inhabit, and more on its solid than on its 
quid parts. I have already remarked how greatly the study 
of natural olgecta and forces, and the infinite diyereity of tlie 
sources they open for our consideration, strei^then the mental 
activity, and <Ä11 into action every manifestatioa of intellectual 
pitwress. These relations require, however, as little comment 
ae uat concatenation of causes by which particular nations are 
permitted to enjoy a superiority over others in the exercise of 
a material power derived from their command of a portion of 
these elementary forces of nature. 

If, on the one hand, it were necessary to indicate Qxe diffe- 
rence existing between the nature of our knowledge of the 
EarÜi and of that of the celestial regions and their contents, I 
am no less desirous on the other hand to draw, attention te 
the limited boundaries of that portion of space frpm which we 
derive all our knowledge of the heterogeneous character of 
matter. This has been somewhat inappropriately termed the 
Earth's crust ; it includes the strata most contiguous to the 
Qpper surface of our planet, and which have been laid open 
before us by deep fissure-like vslleys, or by the labours of man, 
in the bores and shafts formed by miners. Hiese labours* do 

* In apnking of ths greatest d«pUii witUn the Euth reached bf 
IiiimaD Mour, we mut recollect that there ia ■ difference between am 
^tobiit depth (that ia t« aar, the depth beknr the Earth'« inrface at that 
poiat) and the relative depth (or that beneath ths level of the aea). The 
fteateat relatire depüi that man haa hitherto reached ia jirobablr the bora 
•t fbo new aalt voriu at Minden, in Prmu : in June, lBt4, it mi 
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not extend beyond a Tertical depth of Bomewhat more than 
3000 feet (about one-third of a geographical mile) below the 
level of the sea, and consequently only about -jVinr of 0*6 
Earth's radius. The crystalline nmsses that have been erupted 
from active voIcanoeE, and are generally similar to the rocks 
GA the upp^ 8ur&ce, have come from deaths, which although 
not accurately determined, must certainly be sixty times 

txaxOj 1993 fieet, the abaoluts depth bdng 2231 feet. The temperBtnre 
of thevaCer >ttbe bottom was 91*F., which, aranmiug the mean tempers- 
tore of the air sC 49°'3, giie> an angmentatirm of temperature of 1° for 
•Ter7 54 feet. The abaolate depth of the artetian well of Oreoelle, near 
Paiu, ii oa\j 1795 feet. According to the account of the misajonarr 
Imhert, the fira ipiinga, " Ho-tiiiig," of the Chiueae, which are sanlf to 
obtain [caibaretted] hydrogen gat for aalt-bailing, (ar exceed our artesian 
firings in depth, Jn the Chineae province of SiU-tachuan these üre 
■pringi are very commonlf of the depth of more than 2000 feet ; indeed, 
■t Tiea-liea-tsing (the phice of continaal flow) there ia a Ho-tsing which, 
Id the jau 1912, waa found to be 3197 feet deep. (Hnmboldt. Ati« 
CentmJe, t. Ü. pp. 521 and 525. Aniuüei de PAjtoeiaHon de la Propa- 
potion de la Fat, 1829, No. 16, p. 369.) 

The retaüve diepth reached at Mannt Maui, in Tuscany, south of Vol- 
tern, amoanCt, according to Mattend, to only 1253 feet. The boring at 
the new salt work» near Minden, is probably of about the same relMiie 
depth as the coal-mine at Apendale, near Neweastle-uader-Lyme, in Staf- 
lordahire, where men work 725 yarda below the aur&ce of the earth, 
^omas Smith, Miner'a Guide, 1836, p. 160.) Unfortunately, I do not 
know the exact height of its mouth abo<e Üie level of the sea. The relative 
depth of the Monk-wearmontb mme, near Newcastle, ia only 1496 feet. 
(HiillipB, intbePAüo«.Jtfaff.,Tol. v., 1834, p. 446.) That of the U^ 
«0*l-mine, rSspfronce, at Seraing, is 1355 feet, according to M. Toa 
Dachen, the director ; end the old mine of Harihaje, near Val-St..Lam- 
bert,inthe*alleyof the Maes, is, according toM. Gemaert, Ing^nieor de* 
Mine«, 1233 feet m depth. The works of greatest abiolute depth that 
IkSTC ever been formed are for the moat part sitnated hi ancb elevated 
plaini or valleya that they dther do not desränd lo low as the level of the 
tea, or at most reach very little below it. Thus the Eselschicht, at Kat- 
teoberg in Bohemia, a mine which cannot nowbewoiled,hadtheenormoiii 
lAsolatedepthof 377BfeeL (Br. A.. SciuaiAt, Berggaetit dtr Btter Mm,, 
■bib. i. bd. i. s. ixiii.) Also, at St. Daniel and at Geish, on the Rorer- 
bUhel. in the Landgericht (or provincial district) of KitabQbl, there «ere, 
inäie sixteenth century, exovations of 3107 feet. The plana of the work* 
«f the RörerbUhel are still presented. (See Joseph von Sperges, T^Iir 
Bergvierkegitehichte, 1. 121. Compare also Humboldt, GufocJUm U«i* 
Btranlreiimg dei JUeiiMW SloUeiu in dti Freiberger Erzrevitr, printed 
in Herder, tier den jelz htgotmene» Erbttollen, 1838, i. cuiv.) We 
HBjpremma that the knowledge of the eatraordinary dqith of the BBiaa 
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ffeatee Utan. üiose to whioh fanman kbonr hu bean auibliBd 
to paietrRte. We are able to ^ve m nnmbem the depüi of 
Ute ahaft whei« tibe stzata of coal, after penetntiiig a certaia. 
^nw, rise again at a. dütance that odmitB of being aceuratelj 
defined by meMnmnente. Theaa dips dMw that the carbo- 
si&nHU itzata, together vitb the Storni, arguao lemains which 

Whcl reacbed Englaiä at an eailj period, for I find it remail[ed in Gilbert, 
OtMfMl*, that mm lara pMutralad 241)0 or onn 3000 feet into the 
■tof tlweacdi. (" Bjrig»» TJdetor twr» portio, qw» miqiiam hwaioibna 



mnltiaqiu diSaokatn, id pnilnndionia 
tame part« penctrara non poanmiu i idea ut qnadringentas ant [qnod 
wi ia a iin e] qtuagtntas orgyaa in qnibnadun metalüs deaoaidiaae, atnpnndoa 
«■ m i ft d« TideaHir nmataa." Golialmi Gilbetti,Calc<stiin>ii, daMayMfc 
FJtfiohfia mm. Load., 1600i p. 40.) 

Tha abiolate dqidt oftberaiaea in the Salon fingebirge, near Freibnig;^ 
Me: in the Thornibofer mioes, 1944 feet; in tlu HanaiUrkieT nuHi, 
USr ffcct{ an relative dnpdu an obIj 677 and 277 feet, if, in order to 
flmlatn tba eleration of Aa mine's mouth abovo the lerel of tlie aes, ira 
Hgard tha ebraUon of Freibiuf u detenain«d lly Beioh's noent obaecva«' 
tiona to lie 1269 fbet. The abeolute depth of the oelabrated mine of 
Jatcbimathal in Bohemia (VeAreniong dea Jong Haaer Zechen-Bnd 
AadiaegangEa), iafDU212Dfeet; eoth^, la VoBDaabea'aDHamrement«' 
Aov that iti Hu&c« i> alioat 2386 feet above the Ivrel of the aea, it fol- 
]im tkat the elcaraliona hue not ai yat reached that pdnt. In theHan^- 
tke Samara miM at Andreaaberg, hu an nbeoliite depth of 2197 feet. In 
lAat ma formartj Spaoiah Amnio«, I Imeir of do miite deeper tbui th» 
Talarmianaf near Gnanamato (Mexico), where I foaad the abaolnta daptb 
artLenaneadeSuiBvnrda tobe IGES feet« baVthnapUtwareaWa 
ftat sboTe the lerd of Uie tea. If «n conqjare tfaedepth of the old.Kiit- 
fenberger mine (b depth greater than the hcdgbt (if onr Broo^, and oul^ 
WO feet leei then that of Veasniu) with thtt-lofbaat ■motoraa that O» 
bandi of man have ereetad, (with tha Pyramid of Cbaopa and with the 
Cathedral of Straabm^,)we find that thajT itandinthe ratio of ei|^ ta 
ODB. InlliiB note I lure oolleeted alLtheocrtaiainftmaatioal omldfiud 
lagaidiug the greatMt sbtolnte and rdalive depthi r^ minea and boriogib 
In deacending eaatmrd from JemtBlcia, towüda tha Dead Sea, s'tdW 
naeuta Uialt. to tha eye, whidi, DBoording to oar. preaaDt hjpaemetriDal 
RWwledge of the niT&oeof oht planet, ia mnivdled inaar eouDlrf ;.m 
■we appraiaoh Üie opco rarine ttiron^ which tit* Jordan Hum* ita aonn*i 
twtrMdi with the open akf BboTena, on.roÄa wüch« aocnrdlaf totk* 
bwometaio maaanrnmentt of Befton and Baaa agg M . ■<« t3S6 ftatbdo« 
thalmdafthaMeditamnean. (Hnmboldl, ..«aia (]iMfn>if*,'th. ii. p. 3S3.) 
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tiny contain, must lie, u.for instano«, in Belsium, more than 
five oc sx thovaand feet^ below tiie present lerel of the bm-; 
and diät the oalcareous and the cimed stteta of the Deronian 
Iwhh penetrate twice tiiat depth. If we oompaie these snb. 
tsEranean boainB with, the summits of moimtain» that hxv€ 
hitherto been considered as the most elevated portions of the 
' laised onut of the Earth, we obtain a. distanoe of 37,000 feet 
(»beut seven miles), that is about the jijih of the Earth's 
ladios. TiiBW, thorafbie, wonld be the limits of Tertioal depth 
and of the supeniorätioD of mineral strata, to which geognoa- 
tionl inqoiiy could penetiate, even if the general elevation. of 
tile upper suzfiuie of the eaith-were equal to the he^ht of Ü» 
Dhawdag^ in the Himalaya, or of the Sorata in Bolivia. 
All that lies at a greater depth below the level of the sea than 
tiie shafts or the basina of which I have spoken, the litoita to 
iridoh man's labours have penetrated, or than, the depths to 
iriiioh. the sea has in some &w instanoes been sounded, (Sir 
Junes Rosa was unable t« find bottom with 27,600 feet of 
fine,) is as much unknown to us- as the interior of the other 

* Buln-ih^ied eoned strata, wMch dip and respprar nt munuv- 
dile dbtanoei, aUlungb tbdr dMperi; partioni tie b«;oad the nach at 
dn winar, aflbrd wnnblt erideaoe of tliB luttite of tbe esiili'i onut it 
gnM dqiÜM linlrm its «urfkre. Testimeirr. of tbii kind poaMsiw, con» 
MqBcntlj, t, gnat gatgoiKÜa interegt. I sm iniiebted to Clut ezodlent 
nognoliit, Voa Dräheu, for the following obwnationi. " The depth at 
Om eoal-bisLa of tiege, at Mont St. Gllles, which I, in conjoncticin «1th 
oar frtend Von (hjnhMonen, have ncerliined to be 3S90 t^t beUnr tbo 
■nrftoe, extrads 34M ftet below the niT&ce of th* >«■, for tbe abuhita 
^^ht of Mont St Gillci ttfrtsiiilr dues not much exceed 400 feet ; tfaa 
OsaUbuin of Moni » foUf 1365 feet dorter; Bat iJl tb»e depths «n 
trifllfw compucd with thi^w which are presented bj the cOHl-Btrat& of 
Ssar-Serier (SMibrttcken). I here fonnd, after repeated eiaminaticms, 
ttat the lowest cooI-itrataTn which la known in the neighbouthood of 
Sattwdhfi new BetHbgen, north>eut of ftsrlonli, nniit deauaid ts 
dBp^ of 20,682 tmd 22,015 fhet (or 3'S gEo^phieid milu) below Iha 
Isiel of ttw ses." This reinlt cnceed*, by mai« tbui SOOO feet, 0« 
ssmmption nude in the text regarding the buia of the Deronian itrats. 
Ulis coal-field it therefore ennk as fkr below the anrface of tbe aea, as 
Chimbonio ia elevated abon it : at a dqith at which the earfh'a ten^«- 
Tttore roost be aa high aa 435° F. Hence, from the highest pinnacles of 
tts Himalsj* to tha lomrt baiins oontainüig Ute Tagetation of an csrKer 
«•rid, then ia ■ TBtical distance of about IS.OOO feet, or of tha 43fiäi 
pvt of the Earth's radios. 
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planets of OUT eolot eystem. We only know the mau of Üie 
erhole EarÜi and its mean density by comparing it with the 
open strata, which alone are accessible to ua. In the üit«rior 
(rf the Earth, where all knowledge of ita chemical and minera- 
b^cal character fails, we are again limited to as pure conjec- 
ture, as in the remotest bodies that revolve round the Sun, We 
can determine nothing with certainty regarding the depth at 
which the geological strata must be supposed to be in state of 
softening or of liquid fusion, of the cavities occupied by elastic 
vapour, of the condition of fluids when heated under an 
enormous pressure, or of the law of the increase of density 
ftom the upper sur&ce to the centre of the Earth. 

The consideration of the increase of heat with the increase 
of depth towards the interior of our planet and of the reaction 
of the interior on the external crust leads us to the long series 
of volcanic phenomena. These elastic forces are manifested 
in earthquakes, eruptions of gas, hot wells, mud volcanoes 
and lava currents from craters of eruptions, and even in pro- 
ducing alterations in the level of the sea.* Large plains and 
variously indented continents, arc raised or simk, lauds are 
separated fi-om seas, and the ocean itself, which is permeated 
by hot and cold currents, coagulates at both poles, convert- 
ing water into dense masses of rock, which are either stratified 
and fixed, or broken up into floating banks. The boundaries 
of sea and land, of fluids and solids, are thus variously and 
fiequently changed. Plains have undergone oscillatory move- 
ments, being alternately elevated and depressed. After the 
elevation of continents, mountain-chains yere raised upon 
long fissores, mostlv parallel, and, in that case, probably con- 
temporaneous ; and aalt lakes and inland seas, long inhabited' 
by the same creatures, were forcibly separated; the fossil 
remains of shells and zoophytes still giving evidence of their, 
original connexion. Thus, in following phenomena in their 
mutual dependence, we are led from the consideration of the 
fbrces acting in the interior of the Earth, to those whidi 
cause eruptions on its suifece, and by the pressure of elastic 
vapours, give rise to burning streams of lava that flow from 
open fissiu«B. 

■ [See Dnubeney On Volcfntoa, 2nd edit. 1848, p. 639, &c., on the 
n-cidled mud volcanoei, and the reasons advanced in favour oF adoptiiig- 
the lerm "lalm" to dengnale theae phenomena.] — 3V. 
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The same poweni that raised the chains of the Andes and 
the Himalaya to the regions of perpetual enow, have occasioocd 
new compositionB and new textures in the rocky masses, and 
have altCTed the strata which had heen preriously deposited 
from fluids impregnated with organic substances. We here 
trace the series of formations, divided and superposed accord- 
ing to their age, and depending upon the changes of con£gu. 
ration of the surface, Üie dynamic relations of upheaving forces, 
and the chemical action of vapours issuing from the fissures. 

The form and distribution of continents, that is to say, of 
that solid portion of the Earth's surface which is suited to the 
luxurious development of vegetable life, are associated by inti- 
mat« comiesion and reciprocal action with the encircling sea, 
in which organic life is almost entirely limited to the animal 
world. The liquid element is again covered by the atmosphere, 
an aerial ocean in which the mountain- chains and high pltuns 
of the dry land rise like shoals, occasioning a variety of cur- 
rents and changes of temperature, collecting vapour from ibe 
region of clouds, and distributing life and »notion by the action 
of the streams of water wtiich flow from their declivities. 

Whilst the geography of plants and animals depends on 
these intricate relations of the distribution of sea and land, the 
COufiguration of the surface, and the direction of isothermal lines 
(or Kones of equal mean annual heat), we find that the case is 
totally different when we consider the human race — the last 
and noblest subject in a physical description of the gbbe. 
Tlie characteristic difTerences in races, and their relative nu- 
merieal distribution over the Earth's surface, are coaditiona 
aäbcted not by nat.j^ relations alone, but at the same time 
and specially, by the progress of civilization, and by moral 
and intellectual cultivation, on which depends the political 
superiority that distinguishes national progress. Some few 
races, clinging, as it were, to the soil, are supplanted and 
ruined by the dangerous vicinity of others more ciTÜized. 
titan themselves, until scarce a trace of their existence 
remains. Other races, again, not the strongest in numbers, 
Izayeree the liquid element, and thus become the first to . 
acquire, although late, a geographical knowledge of at least 
the maritime laiids of the whole sur&oe of our globe, firom 
pole to pole. 

I have thus, before we enter oa the indiyidual characters of ' 
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Hiat portion of the deline^on of nature fihich indides'the 
rohere of telluric phenomena, ehown generally in what ipnuTiw i 
the consideration of the form of the Earth and the iDOeesuit 
action of electro-magnetism and subterraikeaiL heat majr onabla 
UB to embrace in one yiew the rclationa of horizontal expas« 
Bion and eleyation on the Earth's suc&ce, the geognostic Wpe 
of formationB, the domain of the ocean, (of the liquid portjonfi 
of the Earth,) the atmosphere ^th its meteorological pro- 
cesses, the geographical distribution of plante and animaU, 
and finally, uie physical grad>itiona of the hiuoon raoe, which 
is, excliisively üid everywhere, susceptible of intalleotual cuL- 
tore. This unity of contemplation presupposes a connexioD of 
phenomena accoTding to their internal combination. A. mere 
tabular arrangement of these &cta would not iiilfil the object 
I have proposed to myself, and would not satisfy that require« 
ment for coamical presentation awakened in me by tbe a^^^ect 
of nature in my joumeyings by sea and laud, by the carefU 
study of forms and forces, and by a vivid impreaoon of Ih« 
unity of nature in the midst of the most varied portiooB of 
ale Earth. In the rapid advance of all bronches o£ physical 
science much that is deficient in this attempt will, perfiaps, 
at no remote period, be corrected, and rend^ed mora per&ot, 
fbr it belongs to the history of the devalopment of knowledge 
thatportions which have long stood isolated beooma graduaUy 
connected, and subject to higher laws. I only indioat« tha 
empirical path, in which I and many others of similar pur- 
suits with myself; are adraocisg, full of e^iectation that, ta 
Plato tells us Socrates onoe deab^d, " Natm» may be inter- 
preted by reason alone."* 

The delineation of the principal characterigtioS'of telluiia 
^enomena mnst b^nn with the fbrm.of our planet, and iia 
relations in space. Here, too, we may say that it is not only 
tile mineralogicat character of rocks, whether they are crys- 
talline, granular, or densely-ibssiliferous, but the geometrioal 
ftrm of the Earth itself which indicates the mode of its origin, 
and is, in fact, its histoiy. An elliptical spheroid, of revolu- 
tion gives evidence of having onoe basn a soft or fluid maas» 
Urns, the Earth's compression ctmstitutea one of the most 
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ancient geognostio events, as every attentiTiQ reader of tb« 
book o{ inature can easily dücem; and an analogoiu fact i«' 
jireaent«d in the case of the Moou^ tbe perpetual direotion 
of whose axes towards the Earth, that it to say, llie inoreesed 
aocUTDidatioa of matt«- on tiiat half of the Moon -which is 
turned, towards v»i detenninea the relatioiie of Üia periods off 
mtation and revolution, and is prob&faly contemporaneoiu wiÜl 
the earliest epoch in the formative history of thii satellite. 
The mathematical figure of the Earth is that which it wonld 
have were its sur&ce covered entirely by water in a state of 
Best ; lead it is this nMUinod £)rni to which all geodesicnl. 
measurements of degrees refer. This mathematioal suiface ii 
difiierent from that trae physical Bui&ce which is afiboted by 
all the aceidentsaud inec^ualitiea of die solid parts.* "The 
iriiole ä^vie of the Earth ia determined when we know th« 
amount of the compression at the poles and the eqnatorial 
^ameter; in. order, however, to obtain a peiieot r^iresenta^ 
tion of its- foim it is neoesaary to have meesurements in twa 
directions, perpendicular to one another. 

Eleven meaaurementa of d^rees, (or determinatdona of tfas 
cmrvatore of the Earth's sur&ce in diäerent parte,) of wbic^ 
niue only belong to tho present centuiy, have nmdc us ao* 
qnainted with the aise of our globe, wHdi Pliny named " a 
pointin the immeasurable universe."t If these measm«menta 
do not always aooord in the corvatures of di&rant meridian» 
imder the eame degree of latitude, this very circnmstance speaks 
in favour of the exactness of the instruments and the methods 
employed, and of the accuracy and the fidelity to nature of 
fltese partial results. The conclusion to be ^wn from the 

* 'Baa^Mlgimmt StfTtaUmngtuUli» Onämttniifat tuuh attrO' 
»omiteh-gtedatUthan Arheiten, M th« oondDÜlm of Beaaal and Bwrer, 
Gradmnnmt in Ottfreattn, i. 427. B^trding Iha aconmBlatioii of 
mitter on the iideof the Moon tumad tOinrda ns, (a rabject noticed in 
m earlier ptut of tba taxt,^ ■«•: Laplice, Biepoi. ä% Syil. du Mend*, 
g..30g. 

tF1ui.tü. 68. Srauci,il&/<Qwn<./'ra^.,a.ii."Elmimdi>(«pcwi," 
(Oie. Earth u Bnill and turron) writM Cidnmbua fhm JuuicB, to QnoH 
IiabeUa, oiitba 7tli of Jnly, 1503; uot bvoanae ha eatsTtaiiied the pUlb- 
iopMc newBof tlie efbrssud Bomu», but beoan» it appeared ndvaiitagBoiB 
to bim to nuint^i" that- tile jonmer from Spain «aa not long, if, H li* 
abMrTa|."m aeek the eut front tlie imM.'' Compan my Examrn'OrU, 
i»VaM. At la Glofn. diiläm: aUtkr b.ru.ti..a,.*ad i-ii- pi327i 



DyGoogle 



146- COSMOS. 

increase of forces of attraction (in ü>s direction from the 
equator to the poles) with respect to. the figure of a planet is 
dependent on the distribution of density in its interior. 
ITewton, from theoretical principles, and perhaps likewise 
prompted by Cassini's disrärery, previonsly to 1666, of the 
oompression of Jupit«r,* determined, in his inunortal work, 
PkiltuopAiiB Naturalis Prineipia, that the compression of the 
Earth, as a homogeneoos mass, was fi^. Actual measure- 
ments made by the aid of new and more perfect analysis have, 
however, shown that the compression of the poles of the ter- 
restrial spheroid when the density of the strata is regarded as 
increasing towards the centre, is very nearly -g^. 

Three methods have been employed to investigate the cur. 
TBture of the Earth's surface — ^viz., measurements of degrees, 
MciUations of the pendulum, and observations of the ineqHa- 
Hties in the Moon's orbit. The first is a direct geometrical 
and astroncnnical method, whilst in the other two, we deter- 
xiine from accurately observed movements, the amount of the 
forces which occasion those movements, and from these forces 
ire arrive at the cause from whence th^ have originated — 
ijz., the compression of our terrestrial spheroid. In this 
port of my delineation of nature, contrary to my usual prac- 
' tice, I have instanced methctds because tiieir accuracy affords 
a striking illustration of the intimate connexion existing 
amongst the forms and forces of natural phenomena, and also 
because their application has given occasion to improvements 

where I have showD that the opinion maintained b;^ Deliale, Fröret, and 
Gosaelin, that the eicessire diSerencei in the itatementa regarding the 
Earth'» circmäferenoe, found in the wriöngB of the Greeks, are only ap- 
pwent, and dependent on differeat TBluet bdng attached to the stadia, vai 
pat forward aa earlj aa 1495 bj Jume Ferrer, in a proposition regarding 
the determination of the line of demarcation of the papd dominioDS. 

* Brewater, L^t of Sir baac Newton, 1831, p. 162. " T^e diseo- 
very of the apheroidal form of Jnpiter by Caraini, bad probably directed 
Ae attendoQ of Newton to the determination of its canse, and conae. 
qnently, to (he inyesligatioD of the true fignre of the' Earth." Aithonj^ 
Caaaini did not announce the amount of the compresiion of Jupiter (i^) 
till 1691, {Anämt likmoirtt de VAcad. da Seieneei, t. ii. p. 108,) yet 
we know from I^lande, (.^trDn., 3me &d., t. ÜL p. 335,) that Har^i 
pouesaed some printed abeeta of a Latin work, " On the Spota <of the 
Flanela," commeoced bj Caaaiai, &om which it wai obnoiu that lie was 
•ware of tbe compresaioD of Jupiter l>efare the year 1666, and therefore, 
■t leut tmn^-OM peui bdor« the pnbliaition of Newton's Prineipia, 
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JB the exactness of instrumenta (as those employed in tbe 
measnreiDeiits of space) ia optical and chrontilogicBl observa- 
tions; to greater perfection in the fimdaniental branches of 
astronomy and mechanics in respect to hmai motion and to 
the resistance experienced by the oscillations of the pendu- 
lum; and to the discovery of new and hitherto untrodden 
paths of analysis. With ^e exception of the inTestigations 
«f the parallax of stare, which led to the discovery of aberra- 
tion and nutation, üie history of science presents no problem 
in which the object attained — the knowl^lge of the comprcs- 
jdon and of the irregular form of onr planet- — is bo &x exceeded 
in importance by the incidental gain which has accrued, 
through a long and weary course of inTestjgation, in the 
-general furtherance and imrffovement of the mathematical 
and astronomical sciences. The eomparison of eleven mea- 
'fiorements of degrees, (in which are included three extra-Eu- 
ropean — namely, the old Peruvian, and two East Indian,) 
gives, according to the most strictly theotetical requirements 
allowed for t^ Bessel,* a compression of f^. In accordance 
with this, the polar radins is 10,936 toiees (69,944 feet), or 
about llj- miles, shorter than the equatorial radius of our 

' According to Benet'a ezitmlnation of tea measnTementa of degrees, 
in wWeh tie error disooTered bj Pniesant in lie calculation of iho 
FroDcli measurementa ia token into conaideniti on, (Schmiiaclier.-isiroB. 
Jfaehr., 1841, Nr. i38, 8. 116,) the semi-axiB mnjor of the ellipUcU 
'apheroid of revolution to which the irregular figure of the Earth moat 
closely approiimatcs, ia 3,272,0Ti'li toiaea, or 20,924,77* feet; tlie 
semi-aiia minor, 8,261,169-83 toiaea, or 20,861,821 feet; and the 
amoniit of compreasion or eccentricity, mlyu ; the length of a mean 
degree of the meridian, 67,013-109 toises, or 364,Efl6 feet,irith an error 
of -I- 2'a403 toinee, or 18-18 feet, whence the length of a geographieal 
mile ia3807-23 toiaea, or 6086-7 feet Preyionaeombinationa of measure- 
menls of degrees varied between ^'-, and ,J,: thus Walbeek (i)e 
JForma et Magniiudint ttUurii in d^irKnais arrvbug Meridiani de- 
ßniendie, 1819,) gives j^: Ei Schmidt, {Lehrbvdi der mathem. und 
pkys. Geographie, 1829, a. 6,) gives „h,, a« tlo mean of seven meft- 
■area. Keapecting the inSuence of great diflerencea of longitude on tb« 
polar compresMon, k» BibiiotH^iie FniMMeH«, t..iiiüi. p, 181, and 
t. HIT. p. SB; litewise Connaitsance des Tema, 1829, p. 290. From 
'liielnnftrinequalitieaalone, lApiace {^^rwifion ^V ^^^ du Monde, p. 
229) found it, by the older tablea of Bürg, to be Ja] "nd anbEennently 
from the lunar obaervstiona of Bnrckhardt and Bouvard, he fixed it 
.at g^ {Micaniqut c&e»te, i, v. pp. 13 and 13.) 
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tsnwtzial RpheioiiL Ths execM at tiie equator in. conm- 
quoBce of tiie curvature of the upper surbce of the globe, 
•unounta, canMqumtly, in tbe dirootioii of gtmtaüaa, to 
Bomewhat more than 4f times Üie height of Mont Btmic, or 
only 2^ times tiie probable bei^t of the smnmit of tlie 
Dhawalo^^t in the Himalaya chain. Tbe lunar ineqnaltlöes 
(pertorbation in tbe moon's latituäe and longitude) givq, 
aeoordiag to 'äie laat inreetigatioss of Laplaee, almost the 
Hune result for tiwelUpticity ks the measorMnentaof äegrete 
— TIE., -g^. Tbe results yidded by tbe (Woillatitm of tbe 
pendulum give on the ^luJe amuoh gieater amonatof oooi- 
piesdon— viz., ^.» 

* Tk* osoillaÜooB of die pendnlaia give ,J,^, mäa ^eatai nnlt gf 
. BsUne's gmat expetUHon {1822 and 182S, bom the «qoMor to BO" north 
latitude)] aooonUng to Frefcinat, ^Jfi, aiclnUTe of the experimuita in- 
stiUited at the Isle of Fiance, Quam, aod Howi (Mawi) ; accacding to 



On the other hand, Uathien (Cannaiu. dn TtmjM, 1B16, p. 3S0) fried 
the'unoont at ^At, frvo obaamtioiw mads betWMn FarnHOtei« and 
Ihmkirk ; and Blot, at g^ trout obsanatiaiU b«twaan f onaentera aad 
the Island of Unst. Compare Baily, Beport on PoufuAnn HxperimeiU», 
m\ha Memoirs o/theSo;/^ AilTonomie^ Soeittj/iToLyTi.'p.M ; aieoBa- 
texäa»,iaihe BulUUnderAead.de SLPila^i>vTg,l^i3,t.i.p.3B. Tbe 
fiiBt propoaal to apply the length of the peiidutimi ua itondard of meaaon 
Bad t« establijih the thin! part of the leoonds pendulaic (then Boppoaad 
to be eTeryrhere of equal length) as a pt» horariia, or geneial meaaure, 
that might be recoTeTed at an; »ge and by all nations, is to be fonndin 
Enjgena' Morologivm OeciUaloHum, UTS, Prop. SS. A linülar inÄ 
«la aflerwarda pabliclj expreaaed, in'IT4S| on amonnment erected at 
the equator bjr Bungner, lis Condamine, and Gedin. On the beaoMfnl 
marble tablet «Meh ezJete, as jet uninjured, in the old Jemit^ College 
a( Quito, I haTe myself read the inacription, Pendtdi nmpltcw oi^m- 
meettaluvnimmmuti atcandi artAetypu», ofruHrcE nataraiüacemplar, 
Kitnom tmiverialü! From an obaerration made by La CQudamine,in 
his Jottmal dv. Voyage d VE^uatoiT, 1761, p. 163, regarding parts of 
the inaeripllon that were not filled up, and a slight diJIereuce betweea 
BoDguer and himself respeotfaig the -nnmbflrSgl iraa led to eipect that 
I Bhould find considerable disorepancies between the marble tablet and 
ate insciiptiou as it had been deaoribed in Paris; but after a carafU 
eompaiiaan, I merely found tvo petfeatlf unimportant dlffertaieeR i 
-"ex »rcn gradoum S^;" inttoad Of "ez arcn gradnnm pluequam 
Mnm," and the date of llii, instead of .1712. 'The latter circnmatanae 
' ia EJDgular, because La Condamine retmned to Europe in Noramber, 
ITU, Boi^uer in June of the «ou year, aad Oedin had left SonÜi 
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^Oklileo, -who first öbsarred vrhea & boy, (hoTing, probably, 
■ofifared his tiiouelita to mmdor from the service,) tliat the 
heiglit of the vamted roof of a cborch might be measured 1:^ 
the time of the vibniticHi of the chandelierB miapended at dif- 
-favnt allitiidea, could haidly have anticipated thatthe peii' 
dulnm vonld one day be carried from pole to pole, in orderto 
determine tite form of the Earth; or rather Uiat the unequal 
denai^ of the strata of the Earth, affecla the length of the 
aeeoaa» pendulnmby meem of intricate forces of local attrac- 
tion, wludi are, howeyer, almost regular in large tracts of 
land. .These geognostic lelBtions of aniiutrument intended 
fcr the measnrcment of time — this property of the pendulnm, 
by which, like a sounding lino, it searches unknown depths, 
Md reveals in T<doanio iaiands,* or in the declivity of elevated 
-continental rnountaiu ohaiiLs,']' dense mosses of basalt and 

America in Jnljr, I7U. The moit nwiMasrj' and laefnl kmandment to 
' the nombeni on IMh iascription ironld havB bean the aitraminueal longt- 

tadeoFQnlto. (Hiunboldt, Aeeu<iIif06Mrc.^«tron., tii. pp. 319-3fil.) 

NoDet'B JBtitndea, engraved on Bgyptiau monuments, offer a, more recent 

amq^ at the danger pneentad % the grave peipduation of &1m or 
'MMlau naidls. 

* Ttinpof ttnf Ihn imgmmtfiil iiitnn»il;j"(if tbo ntlrnrtilnn nf piTitiKtlnTl 

in-Yidauiio'bJsndB, (Bt. Helena, üalan, Fernando de NoroDha, Ide of 
liwc«, Onam, Mowi, ud Qalapasos,) Kamk (Lotke, p. 240) beingsn 
.axoepUou, probably in eonseqaence of its proiimit; to the high land of 

Kew Quinea, lee Haihieu, hi Delambre, SUt, de lAeironomU, out 

IBnu SiicU. p, rol. 

i- Nnmeron« obwrrations also Bhow great Irr^ularitten m (he length 
'«f the paidalDm in the midit of continents, and which are ascribed 

to local attractioBi. (Qelambre, Meaure de la Mtridiame, t. iü. p. 
\f^; Biot, in the JfAn. de TAcadhnte da Sdoices, t. viiL, 183S, 
,ni. 18 -kbA SS.) faipaaniig orer the South of ^Franco and Lombardy, 
-MU west to east, ve hnd the nmiimum inteu^tj of giayitation 

at Bordexu ; train thenoe it inereaBee lapidly as we advance eaatward, 
.tiuongfa Figeaa, Cleimont-Ferraad, Milan, and Fadua; aud in the last 
.town -we find that the intenütj has attuned Its in^TiTnnm The influ- 
jMe ef the souüiein declivities of the Alpa la not juerel; dependent on 
{tto gananj else of their raaee, bat fntuuh more) in the opinion of £lia 

de Basnmont, ( J{«flA. nu- Id JtAW^ de Ia£iii:^tGe du Olofie, 1 330, p. 72»,> 
«tthe'nwkeofmeUphjieaadsenanÜB«,iriuchhaTc elevated the chain, 
'On the deelivl^ ef Annl, whldi «ith Csacasus may b« said to lie in 
(ibeeantieofgniTtty of theoM contjnent- formed l^ Europe, Asia, and 

Afciea, the vsiy azaet pandiäum-experbnents of Fedorow give indicatloma 

not of Bul>t«nanean «avltJea 'hut 4f dense vOIoddIc maesas. (Parrot, Jieiie 

aoa Ararat, bd. U. S..1U.) In-Uie-geoiWo oinratims of Csriinl and 
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melimhyre inBtead of cavitiee, render it difficult, notwitii. 

Btanding the admirable simplicity of the method, to amveat 
any great result regardii^ lie figure of the Earth from obser- 
vation of the oBcillationg of the pendulum. In the aatrono- 
mieal part of the determination of degrees of latitude, moun- 
tain chains, or the denser strata of the Earth, likewise exercise, 
although in a less degree, an nn&vonrable influence on the 



As the form of the Eartn exerts a poireifiil influence on 
the motions of other cosmical bodies, and especially on that of 
its own neighbouring satellite, a more perfect knowledge of 
the motion of the latter will enable us reciprocally to draw an 
inference regarding the figure of the Earth. Thus, as Laplace 
ably remarks,* " An astronomer, without leaving his obser- 
vatory, may by a comparison of Innar theory with true obser- 
vations, not only be enabled to determine the form and size of 

the Earth, but dso its distance from the Sun and Moon results 

that otherwise could only be arrived at by long and arduous 

PUa>a, to LtunbsTdy, diSbrencea wm^ng from 20" to 4r'-8 httre been 
found between direct obaerratjoiia of lirtitnde and the results of these 
operationH. (See the inatanoflB of Andrale sud Moadovi, and those of 
Milan and Padua, in the OptnUiona Oeodea. et Aiiron. pour la Memre 
if tin An: du ParalliU Moyen, t. ii. p. S47; Efemeridi Astron. di Mi- 
lano, 1S12, p. 57.) The Utitnds of Milan, deduced from that of Bame, 
according to flifl French triangulation, ia 46° 27' 62", while, according 
to direct astronomical obBervations, it is i6° 27' 36". Ab the perlurba- 
Uona extend in the plain of Lombardj to Parma, which ia &r louth of 
the Po, (Plana, OpSnU. Oeod., t. iL p. 847,) it is probable that there ai« 
deflecting causea concealed beneath the loU of the plain iUelf. Struve 
has made similar experiments [with corresponding resulta] ia the moat 
lerel parts of eastern Europe. (Schumacher, Aatron. NaAridUen, 1830, 
Nr. 164, B. 399.) Regarding the Influence of dense 'masseB supposed to 
lie at a small depth, equal to the mean height of ILe Alps, see the sn&- 
Ijtical eipresaions given by Hosaard and Koial, in the Oomptta Sendtu, 
t. xviii., 1844, p. 2ö2, and cdmpare them with Foisson, TtaiU de M6- 
caniipte, {2mo W.) t i. p. 482. The earliest observations on (heinflneni» 
irifich different kinds of rocta eiercise on the vibration of the pendnlnm 
are those of Thomas Young, in the PhOo». Traruaetioiu forl818,pp. 
70-96. In drawing conolusiona regarding the Earth'a curvature from 
the length of the pendulum, we ought not to overlook tie possibility 
that ilB crust may have nndergone a proceai of hardening, previonsly to 
metallic and dense basaltic masses having penetrated fiom great depths, 
through open clefla, and approached near the sur&ee. 
• Laplace, M^mm. an Syit du Monde, p. 231. 
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expcdldonB to the mast remote porta of boat hemisplmes." 
Tlie compression which may be mferred from Imuir meqaa> 
Uties, afibrda an advaiitage not yielded by individual measure- 
meots of degrees or experiments with the pendulum, fflnca 
it gives a mean amount which is referable to the whole 
planet. The comparison of the Earth's compression with 
the velocity of rotation shows, further, the increase of density 
from the strata fi;om tlie surfiice towards the centre — an increase 
which a comparison of the ratios of the axes of Jupiter and 
Saturn with their times of rotation, likewise shows to exist in 
tliese two large planets. Thus the knowledge of the external 
form ofplanetary bodies leads us to draw conoluäonsr^ardiDg 
their internal clmracter 

The northern and' southern hemisphere appear to present 
nearly the same curvature under equal d^rees of latitude, but, 
as has already been observed, pendulum experiments and mea- 
Burements of de^ees yield such different results for individual 
portions of the Earth's surface that no regular ^uxe can be 
given which would reconcile all the result« hitherto obtained 
by this method. The true figure of the Earth is to a regular 
figure as the uneven Hur&ces of vater in motion are to tlw 
even sui&ce of water at rest. 

When the Earth had been meamred, it still had to be 
weighed. The os(üllalions of the pendulum,* and theplummet 
have here likewise served to determine the mean density of 
iLe Earth ; either in coimexion with astronomical and geodetic 
operations, with the view of finding the deflection of i£s plum- 
met from a vertical line in the vicinity of a mountain ; or by a 
comparison of the length of the pendulum in a plain and on 
the summit of an elevation ; or, finally, by the employment of 
a torsion-balance, which may be considered as a horizonally 
vibrating pendulum, for t^ measurement of äie relative density 

• La Csille's pendulimi meannemoit« at Hi« Cap« of Good Hop«^ 
which have been calcidated wilbinnch core hj Mathlm, (DeUmbre, Bitt, 
derAriron.auISm«'9tM«,F.4T9,}giTeacompruBionof^^; butfam 
sereralcomparitODSof oteemtionsmade tn«qiul Utitadn tn Uie two 
hemispher«>^ (New Hollind and tlie Hslonlnei (TslUsod IiUndi), eom- 
pared wltli Bucdowt, N«w Turk, and DankiA,) .there ii ta yet n» 
leuon for suppodnR tliat the mean cranpnsBion w the sonthem hemi- 
»here it greater Uian that of the northern. (Blo^ in the Jf Aw. de 
tAead. da Bdemeu, t TiU. 1839, pp. SIML) 
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t^ neigliboitrmg strata. Of these tlireo methods,* the last ia 
the most certain, since it is independent of the difficult deter- 
mination of the density of the mineral masses of which the 
r' rical segment of äie mountain consists, near which the 
rvations are made. According to the most recent experi- 
ments of Reich, the reevilt obtained is 5'44 ; that is to say, the 
mean density of the whole Earth is 5'44 times greater than that 
of pure water. As according to the nature of the mineralogical 
strata constituting the dry continental part of the Earth's aur- 
&ce, the mean density of this portion scarcely amounts to 2'7, 
and the density of the dry and liquid sutfece conjointly to 

" Tbe tbree metlioda of otBerration give tiiB following resnlta : (1) 'by 
tbe deflection of the plumb-line in the proximity of the Shehallien 
Mountain, (Gaelic, Thidullin,) in Pertlishire, 4'T13. M determined by 
HaeketyBe, Hntton, uid Playfoir, (1774-1776 and 1810,) aasordingtoa 
method that had been proposed by Newton ; (2} by pendulum Tibrati<»8 
on rooontaina, 1-837, (Caj-lini'a obeetiatioiis on Mount Cenui compared 
with Biot'3 obaerrationB at Bordeaux, EJfemer. Astnm. di Milano, 1824, 
p, 184) ; (3) by the torsion-balance need by CavendiBh, with an appa- 
»tns orig;inaUy devised by Mitchell, 5'49, (according to Hntton's reyidini 
of tbecslcolation, fi'82, Md accord ii^ to that of Eduard Schmidt, 5'fiE; 
Ltkrbwii der math. OeoeraphU, bd. 1. i. 487) ; by ibe tondon-balanoe, 
according to ßeich, 6*44. In the c&loulatioa of Ibeae experiments of 
Professor Seich, which have been made with masterly accuracy, the 
otig^näl mean result was 6-4S, (villi a probable error of only 00233,) a 
iCTnttwhieh being increased by the quantity by wtjch (he Earth's centri- 
fag$X tome diminidie« (he fiwce irf gravity for tht latitude of Freiberg, 
(60° 660 heeomca obanged to E'44. The empli^meBt of nuuM* of oaal- 
irau instced of lead, has not presented any sensible difierence, or none 
exceeding the limits of errors of otisenatimi ; hence diBclodng no 
traces of magnetic inflnencw. (Reich, Va-mdie (tier die milßere IHA- 
tigttefl der Erde, 1838, g. 60, 62, and 66.) By the aagnmption of too 
slight »degraeofellipWcity of the Earth, and by tie nnoertjunty of the 
«atimations regarding t^ denüty of ndsa on Ui «ur&ce, the mean 
density of the Earth, M deduced from experimon^s oa aMd near moim- 
loina, was fonnd about one-sixth smaller than it really is — namely, 4'7fll, 
(Laplaco, Miean. eSleate, t v. p. 46,) orl'7e5. (Eduard Sehmidt, Lthrb. 

_ der math. Otagr., bd. L g 387 und 418.) Ob Halleya hjpotiesis of the 
Jlarth b«Qg a boUow sphere, (noticed in page 163,) «diicb was the germ 
of Franklin's ideas eonceming earthqoakea, lee I'hiloe. Trans, for UM 

■ year 1693, vol. xvü. p. 663, iOn the 8truc6iire i^ihe Iniemai Parte </ 
&tMlarih,and the concaixhahU^ Arckof Hit SheU.) Ealley regarded 
it at more wort^ of the Creator, " that the EarUt, like a houw af seveisl 
•torie% ahoold be iakabitcd boa wi^Mit and within. For light in the 
hollow sphet« (p. 570} proTluon might in same mann« be eostiJved." 
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scarcely l'6,it followB, timt the elliptical imeqnaUy eompreaaed 
lajo^ of the interior muat greatly iiiereage in density towards 
tlü centre, either through [»'essure or owing to the hetero- 
geneous nature of the substances. Here, again, we see that 
the vertical, as well as the horizontally vibmtiiig pendulum, 
may justly be termed a geognostical ingtnunent. 

The results obtained by the employment of an instrumGnt 
of this kind, have led celebrated phymcists, according to the 
difference of the hypothesis fi:om which they started, to adopt 
entirely oppoaite views regarding the nature of the interior of 
ÜK globe. It has been computed at what depths, liquid or 
even gaseous substances would from the preeaure of their own 
stq>erunposed strata, attain adensityexceedingthatofplatinimi 
or even iridium ; and ia order that the compreesion which has 
been determined within, such narrow limits might be brou^t 
into harmony with the aesumptimi oi simple and infinitely 
compressible matter Leslie has ingeniou^ conceived the 
nucleus of the world to be a hollow sphere, filled with an as- 
sumed " imponderatde matter, having an enormous force of 
expansion." These venturesome and «rbitraTy conjectures 
have given rise, in wholly unscientific circles, to stilt mere 
fintastic notions. The hollow sphere bos by degrees been 
peopled with plants and animals, and two smdl subterranean 
revolYiug planets — Pluto and Prosa:pine — were imaginativdy 
nq)posed to shed over it their mUd light ; as, however, it 
was further imagined that an ever-uniform temperature 
leigned in these internal regions, the air, which was made 
s^-luminous by compression, might well render the planets 
of this lower world unnecessary. Near the North Pole, at 
S2° latitude, whence the polar light emanates, was an estw- 
mous opening through which a descent might he made into 
the hollow sphere, and Sir Humphrey Davy and myself were 
even publicly and frequently invited by Captain Synunes to 
enter upon this subträranean expedition: so powerful is the 
morbid inclination of men to fill unknown settees witb shapes 
of wonder, totaUy unmindüd of tbe counter-evidence fiimished 
hy well-attested fccta and nniversaily acknowledged natural 
laws. Even tbo celebrated Halley, at the end of the Mven- 
teenth century, hollowed out the Earth in his magnetic spem- 
htions! Men were invited to believe that a enbteiranean 
&edf-iotating mu^ens occasiona by its potition the diunud 
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and muranl changes of magnetic declinabon. It has thus been 
attempted in our own day, mth tedione aolemuity, to clothe in 
a scientifie garb the quaintly devised fiction of Üxe humorous 



The figure ot the Earth and the amount of solidification 

SQsity) which it has acquired are intimately connected with 
forties by which it is animated, in so far at least as they 
have been excited or awakened from without, throueh its 
^anetary position with reference to a luminous central body. 
Oompreseion, when considered as a consequence of centrifugal 
feree actii^; on a rotating mass, explains the earher condition 
uf fluidity of our planet. During the solidification of this 
'fluid, ertlich is commonlr conjectured to have been gaseous 
and primordially heated to a very high temperature, an 
MLormous quantity of latent beat must have been liberated. 
If the process of solidification began, as Fourier conjectures, 
by radiation from the cooling eur&ce exposed to the atmo- 
sphere, the particles near the centre would have continued 
fluid and hot. As, after long emanation of heat from the 
centre towards the exterior a stable condition of the tem- 

C'lure of the Earth would at length be established, it has 
assumed, that with increasing depth the subtciranean 
heat likewise uninterruptedly increases. The heat of the 
water which flows from deep borii^ (Artesian wells), direct 
experiments regarding the temperature of rocks in mines, 
but above aU, the volcanic activity of the Earth shown by 'äie 
flow of molten masses from openflg£areB,afibrd unquestionable 
evidence of this increase for very considerable depths from the 
upper strata. Accinding to concluaioas baaed certainly upon 
mere anah^es, this increase is probably much greater towards 
the centre. 

• [Tho work refeired to, one of Üie wittiest prodacüoaa of the leun*d 
Nonregian nUrist and dnnulM, Holberg, vas written in Latin, and 
first appeared under the following title : Nia^i Klimii iUr mbterra- 
neum navam feflurf« tiieoriam ac hütoriam quiiUa monarAvx adhvc 
»ohi» ineegnüa ecAifrens e hOiUoätcca, b. AMini. Hafniie it Liptia 
giant Jac Preua, 1741. An admirable Duueh tiüulstion of this 
learned bnt seTere satire on the inatitationa, morals, and msnnerB of Üie 
inhabitonta of the npper Earth, appeared at Copenhann in 1788, »nd 
ms enUUed, JVteb Klim'» tcnde^ordiett rtite etd hudwig Ht^herg, 
OBnrmt, ^fter den laiiatie original of Jau Baggeaen. Hotberg, who 
ttudied for a time at Oxfoid, was bom at Bergen in ISSE, and di«d ia 
ITBI u Bwtor of Uw tTnlrerdt; ttf Copenh»g«n.}— 3V. 
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"QaX v4iich has been learnt by an ingenious analytic cal< 
eolation, expressly pei'fected for this cja«i of investigations*, 
resarding the motion of heat in homogeneous metallic sphe- 
roids, must be applied with much caution to the actual cha- 
racter of OUT planet, considering our present imperfect know- 
ledge of tiie substances of whidi the Earth is composed, the 
difibrcucc iu the capacity of heat and in the conducting power 
of different superimposed masses, and the chemical changes 
experienced by solid and Uquid masses from any enormous 
compression. It is witii the greatest difficulty that our powers 
of comprehension can conceive the boundary hne which divides 
the fluid mass of the interior from the hardened mineral 
masses of the external surface, or the gradual increase of the 
solid strata, and the condition of semi-fluidit; of the earthy 
substances — these being conditions to which known laws of 
hydraulics can only apply under considerable modifications. 
Ibe Sun and Moon, which cause the sea to ebb and flow, moat 
probab)y also afibct these subterranean depths. We may sup- 

* Here we mosl notice the sdmiisble inslyUad labouiB of Fouritr, 
Biot, Irfiplace, Polswn, Dn3>amel, and LamS. In his Thforie malhSma- 
ligve de la C/udetir, 1835, pp. 3, 123-430, 436, and S21-Gal (see also 
Se La Eive'a abstract in the Btbliolhiqae tcniverftät de Oenieei, PoisEon 
has dereloped an hypotheaiBBofaUy different from Fonrier'a riew (TItiorie 
OTKiZ^ufue de la Chedetir.) He dcnien the present fluid etAte of tlia 
Earth's centre ; he believes ibat " in i:voUag b; radiaüon to the medium 
Eorronnding the Earth, Uie parts which were first Bolidified eaak, and 
tiist b; a doable descending and aacendiiig current, the greati^nequality 
was lessened which would hare taken j(lace in a aolld body cooling &om 
the sorfave." It seems more probable to this great geometer tliat the 
BolidiHcatioQ began in tJie parts \jiag nearest to the centre : " the phe- 
nomenon of the increase of heat with the depth does not eit«nd to the 
whole maes of the £arth, and ia merely a conacqnence of the motion of 
our pUmetaiy ^tem in apace, of which some parts are of a very dif- 
ferent temporature from others, in oonseqnence of atellac heat (ohaleur 
Htellaire.)" Thus, according to Foiseon, the warmth of the water of onr 
Aiiceian wells is merely th^t which has penetmled into the Earth from 
without ; and the Earth lleelf " might be regarded as in the lame clr- 
cnmstanccB as a mass of rock conveyed from the eqnator to the pole la 
so short a time as not to have entirely cooled. The increase of tem- 
perature in such a block would not extend to the central strata." The 
physical donbts which haye reasonably been enterlaloed against iliia 
eitraordinary cosmical view (which attribat«B to the regions of apace 
that which probably ia more dependent oq the firat tranation of matter 
oondensing from the gaseo-fluid into the solid alate) will he fonnd col- 
lected in Poggendocff'a.innoien, bd. uiii.s.e3-ID0. 
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pMe that tibe periodic eleTations and Aeprexkaa of ÜK moltea 
nuus under the alieadf solidified strata most have canaed 
iueqnalities in the Tault«d sar&ce from the force of preesnre. 
Tba amount and actioa of auch oecillationB must, however, be 
Bmall ; and if the Telative position of the attiucting cosmicat 
bodies may h^e aim excite " spring tides," it is certainly not 
iö these but to more pow»^ internal forces that we moat 
ascribe the momneiits thai shake tiie Earth's surface. There 
are groups of phenomena to whose existence it is necessaiy to 
draw attention, in order to indicate the uniTersality of the 
inänence of the attraction of the Sun and Moon on the external 
aad internal conditions of the Earth, howerer HtÜe we may be 
aUe to determine the quantity of this influence. 

According to tolembiy accordant experiments in Artesian 
wells, it has been shown that the heat increases on an avenige 
about 1° forerery 54 5 feet. If this increaae can be reduced to 
arithmetiünl relations, it will follow, as I have already ob- 
served,* that a stratum of granite would be in a state of ftision - 

* Bee The Introdaction. Thü inciBaa« of tempentare bm been 
CHUtd in the Fait« de Qreaelle st Paris, nt [IS'3 feet ; in the boring at 
tltenew salt iroiki at Minden, almost 53'6; at Pregnf, near QelleTt^ 
aecoiding to August« de la Btve aad Harcet, notwithstanding that the 
month irf the horing ii ISQO feet above the level of the sea, it is also 
CS'S feet. This coincidence between the rcsulta of a method Sisl pro- 
posed by Arago, in Üic year 1S21 (AnmiaiTedtiBvreaiudttLongiiJtdes, 
1S3G, p. 234), for three different mines, of the abeolat« depthg of 
nsi, 2231, and 7S6 feet reapecliTdy, is remaAable. The two pointa on 
the Earth lying at a small Tertical tfiitance from each other, «hoae annoal 
mean temperatarai are most accurately known, are probahlj at the apot 
on which the Paris obeerratoiy gtanda, and the Cavea de TObserratoire 
beneath it; the mean temperature of the former is Sl'B, and of the 
latter S3"-3, the diflerence being I'S for B2 feet, or 1° for 6177 feet. 
(PoiBBon, ThSorie math, de la Chalear, pp. 115 and 482.) In the 
course of the last 17 yeara, Erom causes not yet perfectly nnderstood, but 
probably not connected with the acbud temperature of the caves, the 
thermometer standing there has risen veiy nearly V'i. Although in 
ArteBimt «ells there are somelimee slight errors from the lateral permea- 
Üon of water, these errors are leasiiuuriousl« thcacenrscy of concluaona 
than those resulting from currents of cold air, which are almost always 
present in mines. The geuend result of Belch's great work on the tem- 
perature of tlie mines in the Saxony mining districts, gives a soma- 
what slower increase of the terrestrial beat, or 1° to 76-3 feet. (Beich, 
Bedb. fiber die Temperatar dea OeMeint m ver^chiedci ea Ti^ai, 18!4, 
s. la.) Phillips, however, found (Pogg. Anaaiat, bd. xniv, s. ISl) 
In a shaft of the coal-mine of Monkweaimonth, near UTewcasUe, in irtiich. 
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atadc^>thofiieBrl721 gei^raphicalmiles, or between four and 
fiv» times the elevation r^&a higheet Buminit of the Himalaya. 

Vfe must distinguish in our ^obe three di&rent piodeB ibr 
the bwumiBsion <a heat. The first is periodic, and aSbcts the 
temperature of the teirestriol strata according as the heat 
penetiatEB from above downwards, or from below upwards, 
bei^ inflnenced by the difierent positions of the Sun and the 
seasons of the year. The second is likewise an effect of the 
Sun, although ei^Temely slow : a portion of the heat that has 
pMietrated into the equatorial regions mores in the interior of 
-die globe toward the poles, where it escapes into the atmo. 
«phore and the remoter regions of space. Tbe third mode of 
transmission is the slowest ofalt, and is derived from the secular 
«oolii^ of t&e globe, and from the small portion of the primi- 
tive heat which is still being disengaged from the sur&ce. 
Iliis loss esperienced by the central heat must have been very 
considerable in' the earfiest ^ochs of the Earth's revolutions, 
but wiüiin historical periods it has hardly been appreciable by 
our iostnimenti. The «urihce of the Eardi is therefore situated 
between the glowing heat (^ the inferior strata and the uni- 
Twsal regi<m» of space, whose temperature is probably below 
'ale freezing'point of mercury. 

The periodic changes of temperature which have been 
«ecasioned oa the Earth's sur&ce by the Sun's position and 
by metewological j»«cesses. are continued in its interior, 
althouf^ to a very inconsiderable depth. The slow con- 
ducting power of the ground diminishes this loss of heat 
in the wmter, and is VMy favourable to deep-rooted trees. 
Points that lie at very different depths on the same vertical 
Kne attain the ma-rimmn and minimum of the imparted 
temperature at very di^«nt periods of time, ITie mrther 
they aie r«noved from the sur&oe the smaller is this dif- 
ibräee between tlte extremes. In the latitudes of our tem- 
perate zwie (betweim 48° and 52°) the stratum of invariable 
temperature is at a depth of from 59 to 64 feet, and at half 
that depth the oscillations of the therm(»ieter, from the 



as I hare alres<^ remarked, exesvstioBB ate gtdng <Hi at a cUptti of atMot 
ISOO feet below the lerel of the sea, an increase of 1° to eS'Oe feet^ 
»reault slsigit IdwUcal wiUl titst found bj Ango in the Pnits de 
Aieoell. 
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influence of Öie seasoni, scarcely smount to half a d^ree. In 
tatipical climatee this invariable atratum is only one foot below 
the surface, and this &ct has been ingeniously made use of by 
BouBsdngaalt to obtain a convenient and, as he believes, certain 
determination of the mean temperature of the air of difibrent 
places.* This mean temperature of the air at a fixed point, or 
at a group of contiguons points on the Bur&ce, is to a certain 
degree the fundamental element of the climate and ^;ricultiiral 
relations of a district ; but the mean temperature of the whole 
Bur&ce is Tcry di&rent from that of the g^obe itself, Ilie 
questions so oß^n agitated, whether the mean temperature 
has experienced any considerable diäerenoes in the course of 
centuries, whether the climate of a country has deteriorated, 
and whether the winters have not become milder and the 
summers cooler— can only be answered by means of the ther- 
mometer ; this instrument has however scarcely been invented 
more than two centuries and a half^ and its scientific applica- 
tion hardly dates bock 120 years. The nature and novel^ 
of the means interpose, therefore, very narrow limits to om- 
inTestigation regarding the temperature of the air. It is 
quite otherwise however with the solution of the great problem 
of the internal heat of the whole Earth. As we may judge of 
uniformity of temperature from the unaltered time of vibra- 
tion of a pendulum, so we may also learn &om the unal- 
tered rotatory velocity of the Earth the amount of stability ii> 
the mean temperature of our globe. This in sight into the 
relations between the length of the day and the heat of the-. 
Earth is the result of one of the moat briUiant applications oE 
the knowledge we bad long possessed of the movement of the 
heavens to the thermic condition of our plimet. The rotatory 
Telocity of the Earth depends on its volume; and, since by 
the gradual cooling of the mass by radiation, the axis of rota- 
tion would become shorter, the rotatory velocity would neces- 
sarily increase, and the length of the day diminish, with ai 
decrease of the tempcraturo. From the comparison of the' 
secular inequalities m the motions of the Moon with the 
eclipHCH observed in ancient times, it follows that since the 
time of Hipparchus, that is, for fidi SOOO years, the length of 
* BotudngBiilt, Sur la Prt^ondeur ä laqiulk *e trmax la eouche d» 
TimpirotaTe invariable tntn let Troptqua, inÜitAwudes de Chimin 
tl de Fhyiique, t. M., 18S3, p. 225-217. 
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tbe day lias certainly not dimimehed by the hundredth part of 
a second. The dccreaee of the mean heat of the globe dorii^ a 
period of 2000 years baa not, therefore, taking the extxemest 
litnits, diminislted as much as y^th of a degree of Fah- 
renheit.* 

This inTsriabili^ of form presupposes also a great invEui- 
ability in the distribution of relations of density in the interior 
of the globe. The translatory moTemeafs, which occaeioa the 
emptioiis of our present volcanoes, and of ferruginous lava, aud 
the filling up of previously empty fissures and cavities with 
dense ntassee of stone, are consequently only to be regarded as 
slight superficial phenomena affecting merely one portion of 
the Earth's crust, which &oia their smallness when compared 
to the Earth's radius become wholly insignificant. 

I have described the internal heat of our planet, both with 
reference to its cause and distribution, almost solely from 
the results of Fourier's admirable investigations. Foisson 
doubts the fact of the uninterrupted increase of the Earth's 
heat fivm the snr&ce to the centre, and is of opinion that all 
heat has penetrated from without inward, and that the tem- 
perature of the globe depends upon the very high or very low 
temperature of the regions of space, through which the solar 
system has moved. Inis hypouiesis, imagined by one of the 
most acute mathematicians of our time, has not satisfied 
physicists or geolt^ists, or scarcely indeed any one besides 
it» anthot. But w^tever may be the cause of the internal 
heat of our planet, and of its limited or unlimited increase in 
deep strata, it leads us, in this general sketch of nature, through 
die intimate connection of all primitive phenomena of matter, 
and through the common bond by which molecular forces are 
united, into the mysterious domam. of magnetism. Changes of 
temperature call forth magnetic and electric currents. Ter- 
restrial magnetism, whose main character expressed in the 
threefold n^nifestation of its forces is incessant periodic 

* lApLice, Bxp. du Sylt, du Monde, pp. 929 uid 26S; Mlmniiive 
ttUiU, t. T., pp. 18 and 72. It should be remnrked, that the fraction 
ij, of » degree of Fahrenbeit of the mcruurial thermometer, given in 
ue text as the limit of the stability of the Earth's («mpeiBiture sinec Uie 
dsjB of HipparchuE, rcsU on tlie saaumption that the dilatation of the 
mbstancea d( which the Earth is composed is equal to that of giass, that 
is to m,Y, -ainm for 1°. Begarding this hyDothesis see Arsgo, in Hi» 
.AttniKure Kc 18S4, pp. 177-190. 



DyGbogle 



170 cosuos. 

variability, is ascribed either to the heated mass of the Eartli 
itself,* or to those galvanib currents which we consider as 
electricity in motioii, tbat is, electricity moving in a closed 
circiiit.-|- ■ 

The mysterious course of the magnetic needle is equally 
affected!^ time and space, by the sun's coarse, and by changes 
of place on the earth's Bumce. Between the tropics, lite 
hour of the day may be known by the direction of the needle 
as well as by the oscillations of the barometer. It is affected 
instantly, but only transiently, by the distant northern light 
as it shoots &om the pole, flashing in beams of coloured light 
across the heavens. When the imifotm horary motion of tiie 
needle is disturbed by a magnetic storm, the perturbation 
manifests itself simullaneomly, in the strictest sense of the 
word, over hundreds and thousands of miles sea and land, or 
propa^tes itself by degrees in diort interrals of time in every 
direction over the earth's Bur&ce.;[ In the former case, the 



tanotlni.'' He ndicoles tha magnetic monntuns of FnaesMri, t^ gnat 
conteinpomT cf Colnmbui, u being loagiietic poles: " r^icieodB ait 
volgsriB opinio de montibos magneticis, act mpe ikliq.ua msgnetica, sali 
polo phantaatico a polo mmiiii diat&nt«." He aasumea the declin&tioa of 
tbe ma^etic needle at anj given point on the Bor&ce of the Etrth 
to be invariable (rariatio nniiwcnjnsque loei conslanE est), and refsis 
the eorraturee of the iaogomc lines to the crafigunttion of cmtJawitB 
and the celatire positioos of >ea bMim, whidi possess a irea^er magnetia 
force than the solid masses riiing above the ocean. (Ullbcrt, de Mofnele, 
ed. 1633, pp, 42, 98, 152, and 155.) 

•f Gauss, Allgemeine Theorie des Sirdmagnetiamua, in Uie BeavÜnte 
au» den Beeb dee magnet. Vereint, 1SB8, a. 41, p. M. 

t There are also pertnriiatious «hieb are of a local chsneter, tud do 
not extend themaelves üir, and are .probably less dec^^estad. Boim 
yeus ago I described a rare instance of this kind, in vhich an eztia- 
ordinaty disturbance was felt in the mines at Freiberg, bat was not 
perceptible at Berlin. (Lettre de M. de MunAoldtä SonAlieaeBoyah 
ie. Due de Sutaex ew lea moyetu propra äpeifecUotmer la eotutaiuanee 
du IfagjiMnne Terretftre, in Bacquerel'a, Tnäti ta^irvnentai de VM«a- 
trifte, t TÜ p. 112.) AÜgaetJc BtoiiaB,whidk mn siBuUsMMidjIeU 
&a»a Sicily t« Upsak, did nst extend &<» Upaabito AltWL (ä»uMSB4 
Weba-, Eeadlate det vtagneL Vereiiu, ISSS, £ 128; Lb^ in ihm 
Co7nptetRendvtdeCAcad.de»Sdaaee»,t.jm.1Ut.»(ia.±f.12S>aA. 
S27.) Amoi^Bt thennmeraiuexmpleatbstlMTebeanrefentlfobaarred, 
Of perturbatioDs occurring simultaneous^ aiuL «xtAwbii« otm ndii 
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i maoifeatatkni of the storm may serve, 'wjüim 
cvtaiB limitations, Uke Jupiter's satellites, fire-signals and 
itvll-obBerTed falls of sluxiting stan, for the get^raphical 
determination of degrees of longitude. We here recognise 
vritb aatonishment, that the perturbatioiis of two small mag- 
netic needles, even if Suspended at great deptha below tho 
sniflace, can measuie the distances apart at whidi they are 
jJaoed, teacdöug ua, for instance, how fin Kasan is situated 
east of Göttingen, or of the banks of the Seine. There are also 
districts in the earth where the mariner, who has been en- 
yd(q>ed for many days in mist, withont seeing either tie sun 
or stars, and deprived of all means of determining the time, 
may know with certainty, from the variations in the incli> 
nation of the magnetic needle, whether be is at the nortli or 
ale south of the port he is desirous of entering.* 

portion« of (he Euth's sui&ce, and irMoh are collected in Sabine's 
important Tork (Obtere. on daya of utaitaal magntlic dittarbance, 
1843), one frf tho moat remarkable ia that of the 25th of September, 
1S41, irhich was obaeired at ToTonto in Citnsdn, at the Cape of Good 
Hope, at Pntgae, aad partially in Van Diemen's Laad. 'Hie Engliih 
Snnday, on wliiiji it is deemed mnAil, after midnight oa Sabuday, to 
register an ofaBervation, md to fbllnw oot the great phenomena of creation 
in their perfed development, interrupted tlie obeerrationa in Tan 
Dietteo's Land, where, in oonjsequence erf tie difference of the longitude, 
ike magnetic atorm feU.on the Sunday. {Ohterv., p, xiv. T8, S5 and ST.) 
■ 1 Ikave described, in lamfitherie's Joumid de Phyaiqae, ISO*, 
t lii. p. 449, the ap^cation (atladed to in the text) of the magnetie 
Indiaotion to tbe determiDaüoD of latitude along a coaet numing Dorth 
and Booth, and vMcb, like that of Chili and Peru, ia for a part of the 
year raiveloped in miat {gama). In the locality I liave just mentioned, 
this applkntdon is of the greater importance, becauae, in conaequence of 
the abräg eumnt rcaning northwards aa for as to C«pe Par^la, navi' 
ga(«rs incur a great Ion of time if they approach tbe eoaat to the north 
of the bsTen they are aeekiog. In the Sontii Sea, from Callao de Lima 
hsrtionr to Trnrillo, which dfer from each other in latitude ''aj 8° 57', 
I hare ebaorred a vatialion of the m 



1 division) ; and from CatJao to Quayaqail, whidi diJQk' in 
latitnde by 8° W, a variation of 2B-5. <See my BdaL hut., t. iii 
p. «2S,) At Ouarmey (10° 4' aontli M), Huaota (11" S' south lat), 
a»dOhiBle9(Il°3S'aoutlilat), Üi^iuclinatäoQBafeS°'EO, il°, and 10°'S6 
rf the eeatanuud divisioQ. "Ate det«TiiinatioD of pomtiMi by meaaa 
<^ Ute m^netie inclination has this remarkable feat^ure connected witk 
it, that where the ship's course cnta the ieoellnal line alnioat perpao- 
HaSarly, it is &» only one that ia independent of all detamlaation of 
^se, md cmseqMMljr of atiaervatÜM of tbe aas or bMm. It ia ««ly 
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"When the needle, by its sudden distorbance in ita bcnsif 

course, indicates the presence of a magnetic storm, we ate 
still unfortunately ignorant, whether the seat of the disturläng 
cause is to be sought in the earth itself, or in the upper regionB 
of the atmosphere. If we regard the earth as a true magnet, 
we are obliged, according to the yiews entertained by Friedricli 
Oause (the acute propounder of a general theory of terrestrial 
magnetism), to ascribe to every portion of Üie globe measur- 
ing one-eighth of a cubic metre, (or, 3-^ of a French cubic 
foot) in volume, an average amount of magnetism equal to 
that contained in a magnetic rod of lib. weight* If iron 
and nickel, and probably also cobalt (but not chrome, as has 
long been believed),'|' are the only substances which become 
permanently magnetic, and retain polarity &om a certain 
coercive force, the phenomena of Arago'a magnetism of 
rotation and of Faraday's induced currenta show, on the 
other hand, Üiat all telluric substances may possibly be made 
transitorily magnetic. Accordii^ to the experiments of the 
first-mentioned of these great physicists, water, ice, glass, 
and carbon affect the vibintions of the needle entirely in the 
same manner as mercury in the rotation esperunenta.} 

Ulel; that I diacoTered, for Uie first Ume, that as cnilj h nt the close of 
the sixteenth centor;, and caneequently hardlf twenty ycMS after Bobert 
Norman had invented the iacliiiatoriiun, William Gilbert, in his great 
work De Ma^neie, propOBed to determine the latitude bj Iho inclination 
of the magnetic needle. Gilbert {Phytiologia Nona dt Magnete, lib, v. 
cap. S, p. 200) eommendg the method as applicable " atire coliginoso." 
Edward Wright, in the introduction which he added to his master's 
great work, deacribea this proposal aa " worth mach gold." Aa he fell 
into the same error with Qilbert, of pretmming that the isocline linee 
coincided with the geogiaphical poisllel circles, and that the magnetia 
and geogtaphical eqnalon were identical, he did not pereeive that the 
proposed method had only a local and very limited application. 

* Oausa and Weber, Bemdlate dee magiKL Verein», 18S8, g 31, s. 14e. 

t According to Faraday {Loudon and Bdinfmrgh Phäoeophical 
Magazine, 1838, voL viii. p. 178) pure cobalt ia totally devoid of mag- 
neüc power. I know, however, that other celebrated chemiats (Heimich 
Boie and WöUer) do not admit this as absolutely certMB. If out of tw» 
carefully-parified masses of cobalt totally free &om niclel, one appcaia 
altogether nonmagnetic (in a state of equilibrium), 1 think it probable 
that the other owes its magnetic property to a want of purity ; and tMa 
opinion coincides with Faraday's view. 

t Aiago, in the AnwUe$ de Chimin, t. xziii. p. Sli; Brewiter, 
TreatUe on Jtfagnetimn, 1837, p. Ill ; Baumgortner, in the Zeiiedtr^ 
/Hr Phg». und MaÜian., bd. ii a 11». 
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AJmoBt all substances show tiiemselves to be, in a certain 
degree, magnefio when they are conductors, that is to say, 
when a current of electricity is passing through them. 

Althoi^h the knowledge of Üie attracting power of native 
iron-magnets or loadstones appears to be of very ancient 
date amongst the nations of Öie West, there is strong historical 
evidence in proof of the striking £ict, that the knowledge of 
the direcliTe power of a roagnetic needle and of its relation to 
terrestrial magnetism was peculiar to the Chinese, a people 
living in the extremest eastern portions of Asia. More than 
a thousand years before our era, in the obscure age of Codrus 
and about the time of the return of the Heraclids to the 
Peloponnesus, the Chinese had already magnetic carriages, on 
whicb the movable arm of the figure of a man contmually 
pointed to the south, as a guide by which to find the way 
across the boundless grass plains of Tartary i nay, even in the 
third century of our era, Üierefore at least 700 years before 
the use of me mariner's compass in European seas, Chinese 
Tessels navigated the Indian Ocean* under the direction of 
magnetic needles pointing to the south. I have shown, in 
another work, what advantages this means of topc^;raphical 
direction, and the &irly knowledge and application of the 
magnetic needle gave the Chinese geographers over the 
Greeks and Romans, to whom, for instance, even the true 
direction of the Apennines and Pyrenees always remained 
unknown.'!' 

The magnetic power of our globe is manifested on the ter- 
restrial sur&ce in three classes of phenomena, one of which 
exhibits itself in the varying intensity of the force and the 
two others in the varying direction of the inclination, and in 

Humboldt, Examen crilique de VBiat. de la Qiograpkie, t. iii. 
p. Sfl, 

t Äiie Oentrak, t. i. Introduction, pp. xuyiii-ilii. The Wosiem 
nStioDS, tho Greeks, and the KonuuLBj knen that magnetism could be com- 
mnnii^iUd iio iron, and that (Act mttcd woidd retain it for a -Ungth o/ 
tone. (" Sola hieo materia forri vires a magnete kpide nccipit, retmet- 
git« hngo tempore." Plm. miv. 14.) The great difcoyerj of lie tor- 
nstrial directive force depended therefore alone on tbia, thai no oaeJu 
tho West bad happened to observe an elongated fragment of magnetic 
iron stone, or a magnetic iron rod, floating, by the aid of a piece of wood, 
la vater, or augpendod in the air b; a Ibmd, in such a position m to 
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fhe boriiontal dcriation from the terrestrial meridiaa (^ ^b» 
ipot. TliciT combined aotion may, therefore, be graphically 
repTcaeated by three eyateme of hues, the itodynamtc, uoehnic, 
and Uogonic (or tliose of equal force, equal inclination, and 
equal declination). The distances apart and the relatiTC posi- 
tioDS at these moving, osculating, and advancing curves, äo 
not always remain the same. The total deviation (rariation or 
declination of the magnetic needle) has not at all changed, or, 
at any rate, not in any appreciable degree during a whole 
century, at any particular point on the eartli's aunace,* as, 
for instance, the western part of the Antilles, or Spitzbergen. 
In like manner, we observe that the isogonic curves, mwn 
Ihey pass in their aecular motion from the snr&ce of the sea 
to a continent or an island of considerable extent, continue 
for a long time in the same position, and become inflected aa 
diey advance, 

Hiese gradual i^iangea in the forqas aaaumcd 1^ the ünes 
in their tianslatory motiona, and which so unequally modify 
the amount of eastern and western declination, in the course 
of time render it difficult to trace the transitions and ana- 
\apea of forms in the graphic representations belonging to 
different centuries. Each branch of a curve has its history, 
but this history does not reach ferther hack amongst the 
nations of the West than the memorable epoch of the 1 3tii of 
September, 1492, when the re-discoverer of the New World 
found a line of no variation 3° west of the meridian of tite 
Is]andofFlorea,oneof(heAi!Ores.-|- The whole of Europe, ei- 

* A very elav secular progreiaioit, or a local invariabilit; of the inig- 
netic declioation, prevents the coDfainon irhicli might arise from terres- 
tri&l influences in the boundaries of land, «rheu, with lui utter disregard 
for tha correction of declin ' tion, estates are, after long intcrnli, 
measured by the mere applicatian of the compaas, " The vhole mass irf 
West Indian property," sajs Sir John Herechel, "has been eared from 
Üie hottomloss pit of endless litigation by the inrariabilitj of the ta»g- 
netic declination in Jamücs and the sarrounding Archipelago during 
the vhole of the laat century ; all mirrejH of property there having beoi 
conducted solely by the compaas." See Kobertson, in the Phäoaopkütd 
TrcmtacUom for 1806, part ii. p. SiS, On the permanency qf lite Com- 
pom in Jamaica ainee 1S60. In the mother couati^ (En^aiMl) (to 
magnetic dedination has vatjed by folly li" dnring that period. 

f I have elaeirtiere shoim that, from the documents wMch bare come 
dam t« Dfl regarding tho vejagee of Cohmabus, ire can, with moclt 
certainty, fix upon three places in At AlUtntie Hne (/no dtdinatiort 
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mptäng ft Bitiall part (rf RusBia, has ikow a weBtem declination, - 
irliibt at the doee of Hie aeventecntli century the needle first 
pointed due norüi, in London in 1657, wid in Paria in 1669, 
there being thus a difierence of twelve yeais, notwiükstanding 
the amtill distance between these two places. In eastern 
Russia to ths east of the mouth o£ the Volga, of Saratow, 
Nigchni-Nowgoiod and Archangel, the easterly declination of 
Asm IB edvancing toworda us. Two admirable observers, 
Hansteen end Adolphus Erman, have made us acqiiainted 
with the remarkable double curvatuie of the lines of decli- 
nation in the vast region of Northern Asia : these being con- 
cave towards the pole between Obdorsk, on the Oby, and- 
Tumclumak, and convex between the Lake of Baikal and the 
Gulf of Oohotsk. Li this portion of the Earth, in norihein 
Asia, between the mountains of Werchojansk, Jakutsk, and 
die northern Korea, the igi^onic lines form a remarkable 
closed system. This oval configuration* lecurs regularly, 

Ibr the ISth of SephimheT, 1492, the Slet of llb^, 1499, sod the I6th 
of Almost, lt98. Hn Atlantic line of no declinatkni at that p«ried 
TU) from north-esat to ■oath-west. It then touched the South Amerioui 
continent a littls eael of C^e Coders, while il is now observed to reach 
that contineut on the nor'hem coaal of the BisqIb. (Humboldt, Examen 
crüique de tHüt. de la Gioffr., t IH. pp. 44-18.) From Gilherfs 
Pkyäiologia Nova de liagiiele, we see plünly (and the (act is vary 
remu^ble) that in 1600 th^ declination wu Btill null in the region ^ 
the Azores, just as it bad been in Üu. time of Columbna (lib. 4, laip. 1.) 
I b^eve l^t la m; Examen crüigue (I. iii. p. 5i) I hare proved from 
documents, that the celebrated line of demarcation by whicli Pope 
Alexander VI. divided the Western hemisphere between Portugal and 
Spain, was not drawn through the most western point of the Asores, 
because Colnmbu« wUhed to ctHtvert a physical into a political diviuoo. 
He attached great importance to the zone (roya) " in which the compass 
ihowa no variation, where air and ocean, the latter covered with pastures 
tf sea-weed, exhibit a peculiar couBtitution, where cooling winds begin 
to blow, and where fas erroneous obacnations of the polar star led hiTi to 
inu^pne] the fbnn (nihericitj) of the Earth is no longer the same." 

* To deteimine whether the two oral systems of iaogonic line^ so 
■ingnlarij iikclnded each within itself, wilt continue to advance for cCn- 
tnries in the same inclosed form, or will unfold and expand themselves, 
is a question of the highest interest in the problem of the physical causes 
•f terrestiiol magnetism. In the Eaatem Asiatic nodas the declination 
Increasea from without inwards, while in the node or oval systcin of the 
South Sea the opposite holds good ; in &ct at , the present lime, in 
Uie whole SooUi Sea to the east of the meridian of Kamtschrtks, 
there is no line where the dedination Is null, or indeed in which it lit 
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and over a great extent of tlie SouÜi Sea, almost as iär as the 
meridian of Fitcaim and the group of the Marquesa Islands, 
between 20° north and 45" south lat. One would ahnost be 
inclined to regard this singular coufKuration of closed, almost 
concentric lines of declination, as the efl^t of a local cha- 
racter of that portion of the globe ; but if in the course of 
centories these apparently isolated systems should also advance, 
we must suppose, as in the case of all great natural forces, 
that the phenomenon arises from some general cause. 

The horary Tariatione of the declination, which, although 
dependent upon true time, are apparently gorerned by £e 
Sun, as long as it remains above the horizon, diminish in 
angular value vriüi the magnetic latitude of place. Near the 
equator, for instance, in the island of Rawak, they scarcely 
amount to three or four minutes, whilst they are from thirteen 
to fourteen minutes in the middle of Europe. As in the 
whole northern hemisphere the north point of the needle 
moves from east to west on an average from Sj in tlie mom' 
ing until 1^ at mid-day, whilst in Uie sonthem hemisphere 
the same north point moves from west to east,* attention has 
recently been dmwn, with much justice, to the fact, that there 
must be a region of tiiie Earth between the terrestrial and the 
magnetic equator, where no horary deviations in the declina- 
tion ore to be observed. This fourth curve, which might be 
called the curve of no motion, or rather the line of no variation 
of horary declination, has not yet been discovered. 

The term magnetic poUi has been applied to those points of 
the Earth's eurfiice where the horizontal power disappears, 
and more importance has been attached to these points than 
properly appertains to them ; f and in like manner tJie curve, 
where the inclination of the needle is null, has been termed 
the magnetic equator. The position of this line and its secular 

less tbim 2° (Erman, in P»^. Anniü., bd. zxii. S 129). Tel CameliiiB 
Schonten, on Easter Sonday, 1316, appeiu^t« have found Uie declinstjon 
nail, Bomewhere io the Boulh-eaBl of IfakahiTs, in IS° soath bt voA 
1S2° west loDg., and conseqnently in the middle of tlie preseat closed 
Jbc^hiI sTBtem. (Hsnsteen, Magntl. der Erde, ISIB, g 3S.) It must 
not be fotgotteu, üi the midst of all these conudeRtUous, tJist we can 
onlj follow the direction of the magnetic lines in their progieaa, as tli^ 
ue projected upon the siu&ce of the Eartli. 

* Arago, in the Anauaire, 1336, p. Hi, and 1840, pp. 33^888. 

t Omus, AUg. Theorii da ErdmagneL, % -8L 
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«hang« of oonfignration, have been made an olject of careful 
mTcstiKation in modem times. According to the admirable 
work of Dupeirey,* who crossed the magnetic equator six tdmes 
between 1822 and 1825, tlie nodes of the two equators, that 
'is to say, the two points at which the line without incIinatioD 
'Intersects the terrestrial equator, and conaequentlj passes from 
one hemisphere into the other, are so unequally placed, that in 
1825 the node near the island of St. Thomas, on the wertem 
coast of AMca, was 188^° distant from the node inüie South 
Sea, close to the little islands of Gilbert, nearly ia the meri- 
dian of the Viti group. In the beginning of the present cen- 
tury, at an elevation of 11,936 feet above the level of the sea, 
I made an astronomical determination of the point(7° 1' south 
lat., 48° iff west lone, from Paris), where, m the interior of 
the New Continent, the chain of the Andes is intersected by 
the magnetic equator between Quito and Lima. To the west ol 
Haa point, the magnetic eqnator continues to traverse the 
South Sea in the southern hemispbere, at the same time slowly 
drawing near the terrestrial equator. It firrt passes into the 
northern hemiaphere a little before it approaches the Indian 
Archipelago, just touches the southern points of Asia, and 
eaten the African continent to the wert of Socotora, almost in 
the Straits of Bab-el-Mandeb, where it is most distant üoia 
the terrestrial equator. After intersecting the unknown regions 
<^ the interior of Africa in a south-west direction, the 
magnetic equator re-enters the south tropical zone, in tbe Oulf 
of Guinea, and retreats so Sir fitim the terrestrial equator, that 
it touches the Brazilian coast near Os Dheos, norüi of Porto 
Segnro, in 15° south lat. From thence to the elevated plateaux 
of the Cordilleras, between the silver mines of Micuipampa 
and Caxamarca, the ancient seat of the Incas, where I observed 
the inclination, the line traverses the whole of South America, 
which in these latitudes is as much a magnetic terra incogaita 
as the interior of Africa. 
The recent observations of Sabine f have shown that the 
* DnpeiTG7, Dt la Configuralum de VEqaalewr llagnitigue, in ths 
AmuJx» de Chimie, t. zlv. pp. S71 and ST0. (Sm also Morlet^ in th« 
MSmoira prleentBa par diver» Bmxm» A fAcad. Bog. da Seitnee*, 
1 ill. p. 1S2,) 

t Sm the remoAable chart of iaoclinlo lines in tlieAilanti«Ooean for 
'On jtaa» 182G and 18S7, in Sabine's Contributioiu to Ttrrtttrial llaif- 
Mttmi, 1810, p. IM. j{ 
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Bode setr tibe Uaad of St llamas luui aoved 4° fron «Mt lb 
mat between 1825 and 1837. It would be extnmdjr uapot- 
aat tu know wbedKT tke o}^Mite pole near die Qiabart {skads 
n the So>atb Sea hu appraadied the meridian of tbe Can»- 
tinaa in a westeiiy direetios. These genwal rcfnarka wiiH 
be aaffieieiit to oonneet the differest systafflM of isoclinio noa- 
paiaUel lines with tiie great ^lenomenoiLt^eqailiteinniwiiidi 
u mamferted in tte magaeti« emxasbx. It ia no Biaaäl ad. 
vantage, in tbe exposition of llie lawa of teneBtrial m^netiana, 
tkat the magnetic equator (whose oscillidoiy change of fbim.aBd 
winee nodal mation execeise an inAaenoe ob the indaialion at 
dae Daedle ia the Tastest distriote of the worLd, in ecaseqaeDee 
of tile alteced magnetio latitndes,)* shoold traveiBe the oeesn 
throngbont its wh<de oootbc, exoeptiag' about one^flh, and 
eoDKqamtly be made so much laore aoeeaaible, owing to tka 
lemaiiBble relatiatt» in spat» between the aoa aäd laod, and ta 
ifae means of whi^ we are now poawaaed ft« deteraiimBg 
witb mach esaebtees bodi the deeliaation and the inHinatifm 
at eea. 

We have described Ae distiibntioa of magnetism. «■. tba 
M»fiwe of OUT planet aocoidi^ to the two foivil of d B e im a iim 
and imdmaiioit ; it now tbo^jre TentaixH fer as to q)e(& tf 
fts mtatmly of thtß>rc« -TÜäiäi ia ^cx^bxt&j eigireeaed t^iao- 
d7BamioeaTTea(orIiae8 of equalinteofiity.) Ibe inveatigxtiaa 
and measareraeiit of dais foiee by tibe oscillatwaa of a verü- 
aal or horizoDtid needie, ha'rc only exeited a gcnenl ^id, 
K'vd; interest in its teliuie Delations since tbe faegimmg of 
&o niiteteeUli eentory. Um vp^öcaAm of delicate optical 
aad c^uoDOOMtincal instiuments has lendered the meaam»- 
BBBt <£^m hnriaoaW power susceptibie of a degree «f «ecn- 
la^ &r surpaanng that attaised ia any other angnetie 
datenniaatiops. The isogonic Unei sre t^ mm« i^ortmit ia, 
AeirimBtediate aj^oation to navigatioB, wUkt we &id from 
the most recent riews that isodjnamie Uses, e^eeially du>ae 
wUdi indicate the horinoiifal force, are de most nlnnUe 
elements in. tbe theoiy of tenealiial n>agBetim.f Qae of 

* HmaboltU, XTAer die MHulSr* . Vera»d»iait dar wngiirfiViai 
Jnelinatuni, (On the «ecnltr Change in the Magnetic Indükativt) ii^ 
£i«g.jlMMiL, bd. XR 8. S22. 
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Ate mititst &ofs yielded by obsciTation is, tiiat the iatenaiy 
of ate total fotce mcreasea &om the equator towards &e |>ole.* 
Ths kno^riedge which w« poeaess cf t^ qoantity ffif 1j^ 
inoreBee, and of all tho numerical relations of the law of 
uttmsity «ffec«äig täie whole Earth, is especially due, since' 

* The ielloviiig U Üia Iiiator; of Uie diBnavery of tke lair that the 
tllteiiaitj of die force increiMfl (in general) iriUi tlie nMgnstic Utitade. 
Vhen I irH miaue to attMb m}wlf In 1798 to the eipeditiMt <^ 
Oqrtain Hindis, who intended to circumnarigate the ^obe, I tse re- 
qaorted by Borda, wha took, e warm int«rast in tjie «ncce« of my project, 
if enmiin tiie oacillatiflnB of a rertdcal needle in the magnatJe meridian 
in dUfeieBt latitudeg in eAch bemii^era, in («der to determine whether 
die intm^j of the ioroe wu the bbbm, or whether it vuied in diffisrant 
pimcea. Dmisg mj travels in the trc^cal regioiu of Anaerica, I paid 
mnck attemtioB to tliii (abject 1 observed ihktÜieBame needle whidi in 
the qao* of tea minntcB made 245 oecillatioBs in Parig, 246 in the Ba- 
«UB^MriSIS inMailco, performed only 316 oeeillatione dnriiig' the 
(MB« period atSt. Cailoedel J£o Negro (1° 68' north lal and S0° tO' west 
long, from Pans), on liie maglietic eq^nater, i. t. Hie lioe in which the in- 
diB>tlOD=0; in Peru (T° 1' eonthlat. and 80" 40' west long, from Parii^ 
{nifyail;«Ulea(liiiii>(12°2'eonUil&LjtheB[imberr(i«eio219. Ifonnd, 
in we yEBia Intem^ng between 1T99 and tSOS, that the i^le force, if 
«a ttmaat tt «t I'OOOO m tbe magcetie equator in the FeraTian Andes, 
Getween Hindpampa asd CazaiuKca, may b« expreaeed at Paria hj 
VUii, in Mexico by 1-3155, in San Carioa del Bio Hegro bj 10460, 
Mtd in Lima tif I'd??!. WIiab I devdoped Ihia lav of the variable 
iMtenritr of tetTBBtrial magnetic fbroe, and ai^iported it by the nuiaerieal 
fain of «bMTrationi inatitnted in 104 difteeat places, in a Memoir 
iMd iMftn tke Pnii bwUt«te, on the 2SHi Frimaire, An Xlll. (of 
«Uefa iha uiMhniMtlcal porti(m waa ootttribirted b;^ M. Biot), the facta 
■wan nprded aa attogcthar new. It waa eady after the read^ of the 
paper, aa Biot srproeäj statee (luuo^erie. Journal dt Phyngue, tlix. 
p. 446, not« S), md as I have repeated in the Selaiion higiorigue, 1 i. 
p. 362, note 1, tliat M. de Boesel cantmanicated to Biot bis oa^Dation- 
«tperineaita nade idzyeftn earlier (between ITSl and 1794) in Taoi 
BunMn'a laod, m J^ara, and in Ambeyna. Theae eiperintente gam 
OTideiiao«ftliieaaBia law of decmamng force in ibe kidiwa Arehipel^o. 
It nraa^ 1 Aiak, be aapposed that thie eio«aient man, when be wrote ' 
fail «nk, «M not aware of the regslarity of the angmentatäou aatd dinn- ' 
BmUob efthe iateiuäly, aa before tlie reading <a my paper he never 
iMnHtMad thia (eertaialy not noimportJuit) physical law to aayofoor 
Botoal Head^ Im Place, Delamhre, Froity, or Biot It was n<rt Hal 
1808, IBvjnMi )An- my return trran America, Okat the obaerrsttoni 
nade 1^ K de V amA wet« pnbliÄed in the Voyage de IMhOncrateaim, 
t a pp. S8T, S91, rtl, 48«, and S44. Up to the present day it is atjQ 
iBOtl, in all the taUea et magnetic intenaity «hidi liaTe been pQbUdieä 
iE SenDaap (BMteea, Magittt. der Erdt, 1818, a. ri; Gaäi), »edk, 
n3 
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1819, to the imweoried actirity of Edward Sabine, wlio, after 
havine obeerved the osciUatioDB of tlie same needlee at the 
Amencan north pole, in Greenland, at Spitebergen. and on the 

de» moffnd. Varan», 183S, b. 3S-3E>; Ennan, Phytital. B»ob., 1811, 
B. 629-670), tn England (Sabine, Äeport on MoffneL Intemity, 1838, 
p. 13-62 ; Coniriinitioni to Terre^riai ManniUgm, 1843), and in 
Pnmce (Becquerel, Traiti de Eitdr. et dt Ht^piil., i. viL p. 354-367), 
to reduce the oadllationa obserred in lui; part of tho EarUi to the «land- 
ud of force which 1 fonnd on Uio magnetic eqnator In NorUiern Peru ; 
ao tlut, according to the nnit thus arbitrarily assnmed, the InMnsil; of 
the magnetic force at Paria is pat doim la 1318. Tho oheeriations 
made by Lananon in Die nsfortunate eipedition of Itk Perouse, during 
the itaj at TenanETe (17E6), and on the yojage to Macao (178T), are still 
older than those of Admirat KoBBel. The; were sent to the Academy of 
Science«, and it ia known ihat they were in the posaendon of Condoreet 
in the July of 1787 (Becquerel, t. m. p. 320) ; but notwithBtanding UiB 
jnoBt careful aeanh, iJiey &re not now to be fonud. From a copy of a 
Teiy importuit letter of Lamanon, now in the possealon of Captain 
Daperrey, which waa addrened to the then perpetual aecretary of the 
Academy of Sciences, but waa omitted in the narrative of the Voyage 
de La PermiM, it ia aisled "that the attractive force of the magneto 
ta lee» in the tropica than when we approach the pole«, and tliat the 
magnetic intendty dednced from the number of oscUlallooR of the Deedla 
of the inclination-eompBBB Tariea NLd increiiaeB with the ' latitude." 
If the Academician«, nhile they continued to expect the return of the 
mifortunate La PeroDse, had felt themselvee justified, in the coiinc of 
1787, in publishing a tnilli which had been independently discoTered 
by no less than three different tiavellera, the theoiy of terrestrial mag- 
netism would have been extended by the knowledge of a new class of 
obserrations, dating eighteen years eariier than Ihej now do. This 
■imple stAtement of facts mayprobablyjosti:^' the obserrationB contained 
in die third Tolume of my Belatiim kitiorigve (p. BIS) :— " The obser- 
Tstions on the Variation of terrestrial magnetism, to which I hava 
devoted myself for thirty-two years, hy means of instrumenta which 
admit of comparison witji one another, in America, Europe, and Asia, 
embrace an area extending over 188 d^rees of longitude, fi^im tha 
frontier of Chinese Dzonngarie to the west of the South Sea bathing the 
coasts of Mexico and Fern, and reaching from 60° north lat to 12° south 
lat. I regard the diacoveiyoffJielawof the decrement of magnetic force 
from the pole to (he equator, asliicmost important result of my American 
voyage." Although not absolutely certain, it is veij probable that Con- 
doreet read IJamanon's letter of July 178T at a meeting of the ParJa 
Academy of Sciences ; and such a simple reading I regard as s sufficient 
act of publication. {Anmiaire du Bureau des Longitude», 1842, p. 163.) 
The first recogoition of the law belongs, therefore, beyond all qneBtioD, 
to the companion of la Perouse'; but long disregarded or forgotten, the 
bMWledge of the law tliat Üie inteniäty of the m^^ietia force of tha 
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coasts of Guinea and Biazil, has contiBued to collect and arrange 
all tLe facte capable of explaining the direction of the isodyna- 
mic linea. I Mre myself given the first sketch of an isodynamio 
system lb zones for a small port of South America. Hese lines 
are not parallel to lines of equal inclination (isodinic lines), and 
the intensity of the force is not at its minimnm at Üie magnetic 
«qiiator, as has been supposed, nor is it even equal at aU parts of 
it. If we compare Erne's observations in the southern port of 
the AÜantio Ocean, where a faint zone (0-706) extends from 
Angola OTcr the island of St. Helena to the Brazilian coast, 
wiäi the most recent investigations of the celebrated navieatflr 
James Clarke Ross, we shall find that on the surface of ouiplanet 
the force Increases almost in the relation of 1 : 3 towards the 
magnetic south pole, where Victoria Land extends from Cape 
Crozier towards the volcano Erebus, which has been raised to 
an elevation of 12,600 feet above the ice.* If the intensity 
near the magnetic South Pole be expressed by 2052 (the 
unit still employed being the intensity which I mscovered on 
the magnetic equator in Northern Peru), Sabine found it was 
only 1-624 at the magnetic North Pole near Melville Island 
<74° 27' north lat.), whilst it is I'803 at New York, in the 
ITnited States, whidi has ahnost the same latitude as Naples. 
Barth vuied wiüi the latitude, did not, I conceive, acquire an eziatence 
in scienc« until the publication of m; obseirationg from 1T98 to 1804. 
The object and Üie length ofthis note will not be iudiflerent to those who 
.are ftuciliar with the recent hietoiy of magnetism, and the doubta Uiat 
"have 'been started in connexion with it, and who, &am their own eipe- 
Tience, are aware that we are apt to attach mme valua to that which has 
■coat ujs the uninttirupted labour of Gve years under the preasurs of a 
Iropical elimale, and of perilous mountain expediUons. 

* Prom the obBerrations hitherto collected, it appeMa that (he 
m a x i mum of intensity for the whole aurface of the Earth is 2062, and 
Ihe minimum OtOe, Both phenomena occur in the southern hemi- 
.sphere ; the former in 73' 47' S. lat., and 189° 30' E. long, from Paria, 
near Mount Crorfer, weat-norti-weBt of the Bouth magnetic pole, at a plaee 
where Captain Jamea Boss found the mclination of the needle to be S7° 11', 
({Sabine, ConirUutioTti to Tartgtrial Magnetixm, 1848, No. E, p, 231); 
the latter, obBerred by Erman, at ] 8° 69' 8. lat, and 37° 24' W. long, from 
Paris,. 320 milea eastward, from the Brazilian coast of Espiritu. Santo 
(Erman, Pliya. Beob., 1841, b. 570), at a point where the mclination is 
«nly 7° By. The actual ratio of Ihe two intensities is therefore as 1 to 
2-S06. It was long believed that the greatest intensity of the magnetio 
Birce was only two and a half times as great as the veakeel exhibited 
«a oar Earth's Bui&ce. (Sabin«, Sqiort m Magttetk Jntenti^, p. S2J 
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TAe brilümt di«COT«ries of Oersted, Amgo, tmd TtBtAKy 
höre estsblöhed a more intiBiate ooimexioa between ue 
eteetric tensoD i^ the abncejidtere aaad ths magnetic tenaon of 
tmr terrestrial globe. WHlst Oersted haa diseavered that 
«lactricitj- excitee magaetiaa in tke iwi^beim^iood of the 
eoaductiäg bo^, Faiaday'a esperiments Iwre elicited eketric 
nnrentB ä«m the läwrated ma^etiam.. Kagnetisn is one of 
like manifold forrns under «fai<ä electricity lerealei itself. The 
■neieflt vague prefientimeRt of the ideidhy of dectrie and 
BB^Detic attraction has been verified in. oar own tisiee. 
" When ekctnun (amber)," says Pliny, in the qwrit (rf tlte 
Ionic Bfitural philosophy of Thedes,* " is mititnated by frietMn 
and heat, it mil attract bark and dry leaves, precisely as the 
loadstone attracts iron." Hie sanfe words m&j be fbnnd in 
the literature of an Asiatic nation, asd occur in a enlogimn 
ea the loadstone by the Chinese physici^t, Kat^dio.')' I 
observed with astonishment, OTt the woody banks of tie (M- 
Boeo, in the sports of the natives, that the excitement of 
electricity by friction was known to these savage «wes, who 
Dccvpy the very lowest place in the scale of humanity. 
CUldren may be seen to rub the dry, fiat and shining seeds or 
bnaks ot a Ixailing plant (probably a Ne^rvlia) ontil they are 
able to attract threads of cotton and pieces of bamboo caae. 
That whidi thus delights the naked copper-coloured Indian is 
a^eiil(tt«d to »waken in our minds a deep and earnest im.- 
pression. What a dutsm divides the electric pastime of theie 
savages from the discovery of a metallic conductor, discharg- 
vtg lis electric shocks, or a pile composed of 'raany chemically 

• Of amber (raodimm, ^[esgnm) PHny o bs erre s (dttU. S.), " Ghnera 
<!{as plnra. Attrlta digiUram accepta räloiis umiia trshmit in s« paleas 
we folis aiida i^aa tcria sunt, ac ut magnes l^iis ferri TBmentai qnoqne." 
^lato, to VrntKe, p. SO. Majtin, Mnde »or U Timin, t. ii, p. B<S-S*8> 
Str»bo, I»., p. 708, Cusaob. ; Clemens Alei., Siram., ii, p. 870, where täor 
enlariyenoagh a difference I« midabetireenri pa» t"»'»J»iri<iXt':r|io»'.) 
When Thalea, in Arutot de Anima, 1, 3, and Eippiaa, in Kog, lAert, 
L 24, describe the magnet and amber as poBsening a sool, Üiey refer iHÜy 
t» a moTing prineiple. 

t " The magnet attraeti tron as MnBer does the smalleBt grain of 
mtnit>Td-«eed. It is lite abreathof whidirhichmfSt«rioiid7FeiiettslnB 
tbrongh boa, and commnniotea itself iriUi the rapidity of *n amnr." 
These ara t^ voids of Enapha, a Chinese pcotegTiist on ate magm^ 
' «hoiTTOte in the beginning irf t^e finnth eentuy. (Elapitith, LOtni 
V. A (fa HvaiKtdt, «ur Vlnven^o» <fe la BtmuOe, IBM, p. 120.) 
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■äKaaspoting nbctmces, or r l^lt-M^endemg Eiagnetic 
mmiatoM ! In goA a chana 1^ buried thoosaiiä of jneais 
Uftt ctnipoBe tiie hiBtorr of the intrfkctml developtDeat of 



The iDceseast Amgn or oecflhttorjr motion irkicli we d»- 
cover in afl magnetio ^beaom.(ma, whether in. those of the 
äadinatwn, dediufttioti and inteittitjr of these forces, aceordine 
io die boon of the day xnd the night, and äte seasons and 
&e conne e£ Ute whoie rear leads bb to ecmjeetnie the ex- 
ittenee of Tetyrarious anij partial systemsof dectric currents 
CDtheenr&eeof theEaxth. ArethräecurreDta, asinSecbeok's 
-«xpenmetits, titermo-magncftic, and excited directly from nn- 
eqnal distribution of heat ? Or, should we not Tnäier regard 
.ftem as inducedby the position of the Sun and by solar heat^ 
Hav« Ute rotation irf the jÄanets, and the difibrent degrees 
of Wocity which tbe individual zones acquire according to 
their respective distances from the equator, any inftuenee on 
•tte distnbntioo of magnetism ? Most we se^ the seat of 
Aese cuireDts, that is to say, of the disturbed electricity, in 
Ihe atmosphere, in the regions of planetary space, or in the 
pcJarity of the Sun and Moon ? Galileo, in his oclebrated 
J)iiiloffo, was inclined to ascribe the parallel direction of the 
axis of the Earth to a magnetic point cf attraction seated 
in QsiTersal space. 

If we represent to ouiselTes tJte interior of the Earth as fused 
and nndergoing an encTmoiis pressure, and at a degree of 
temperatm« the mnoont of whi<^ we are unable to asngn, we 
nnrt TCBonnoe all idea of a magnetic nttoleus of the Earth. 
MH Hiagnetiam is certainly not lost until we arrive at a white 
h e» t ,f and it is manifested lAcn imp is at adaA red heat; how- 



'«deetrie esTrents induced m Üie Earth's mrlHce. Beyood tliii mde gi 
howerer, nothing ia >a jet known irf their phTeical cange. It is e*«« 
still a matter of BpecnlatioQ, whether the sour ininence be a piincipal 
w nly a mlwrdiMte eane, in UM pbeaomenaof temstriaj magnetisni." 
iflbtmKiliomtoieiii<ul»MgieAniarttieBepadilitm,lS«t,p.95.) 
t Bkriov, ia the Pliao$. Tnmt^ (or 18SS, pL L, p. 11T ; Bir tarid 

■— "" — ■' MagneHtm, p. IS». Long before the times at 

~- toi^l in At ChlBese woA Ow^&mi^kmi Hist 
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erer different Üterefore Üie modifications may be which are 
excited in anbatances in their molecukr elate, and in the coer- 
(dve force depending upon that condition in experiments of ^^i''» 
nature, there will still remain a considerable thickness of the 
terrestrial stratum, which might be assumed to be the seat of 
magnetic currents. The old explanation of the hoiaiy varia- 
tions of declination by the progressive wanning of the Earth 
in the apparent rerolution of l£e Smi from east to west, must 
be limited to the uppermost sm^ice; since thermometers sunk 
into the Earth, which are now being axieurately observed at so 
many different places, show how slowly the solar heat pene- 
trates even to tlic inconsiderable depth of a few feet. More- 
over, the thermic condition of the surface of wnter by which 
two-thirds of our planet is covered, is not fevourable to such 
modes of explanation, when we have reference to an immediate 
action and not to an effect of induction in the aerial and 
aqueous investment of our terrestrial globe. 

In the present condition of our knowledge it is impossible to 
afford a satis&ctory reply to all questions regarding the ulti- 
mate physical causes of these phenomena. It is only with refer- 
ence to that which presents itself in the triple manifestationB 
of the terreatrial force, as a measurable relation of space and 
time, and as a stable element in the midst of change, that sci- 
ence has recently made such brilliant advances by lie aid of 
Ute determination of mean numerical values. From Toronto 
in Upper Canada, to the Cape of Good Hope and Van Diemen's 
Land, from Paris to Pekin, the Earth has been covered, since 
1628, with magnetic observatories.* in which every regular or 

* Ab the fint demand for ihe cBtaUishaient of these obsemtoriM 
(tt net-work oF statjom, provided with xiinUtr initrameute) proceeded 
from me, I did not due to cbeiieh the hope that I Hhanld live long 
enough to see ilie time when both hemispheres should be miiforml; 
covered with mtgnetic houses nnder the anocialed iwUvitj of able 
{Ajdcists and BstroitomerB. This hae, however, been tucomplished, 
snd chjefl; throngh the liberal and «aitiDned support of the Enansu and 
British Oavemmenta. 

In the jears 1806 and 1807, 1 and my friend and fellow-labonrer, 
Herr Oltmuuia, wbiUl at Berlin, obserred the movements of the needle, 
especially at the times of the solstices and ei^nmoies, from hour to hour, 
and often from half-honr to half-boor, for five or ax dajs and nights nnin- 
termptedly. I had persuaded mTself that continnooB and imintemiptcd 
observations of Beveral days and nights (obseiratio perpetna) were pr«- 
teable to the stngle observaUoiu of many .monUia. The appaiatUa 



DyGoogle 



MAGKETI83I. 1S5 

ixr^nlar mani&statiott of äie terrestrial force ie detected t^ 
unintermpted and simultaneoug obeerrations. A variatioa of 
yyJTnr o^ ^ magnetic intenuty is measured, and, at certain 

ft ProDT'B juognetic telescop«, Biupeuded. in a, glaaa case bj a (hresd 
devoid of toisiau, dlowed angles of seven or eight eeoondB to be read off 
on s finely divided scale, placed at a proper dietance, and lighted at 
night b; lamps. Magnetic pertarbationa (stonna), vhich occsfionallj 
racnrred at the same hoDi on several Enccesaive nighba, led me even then 
to deüre eitremely that similar apparatus should be used to the east and 
nest of Beilin, ia order lo distinguish general terrestrial phenomena 
from those irhicb aie mere local diatnrbances, depending on the inequality 
of heat in difFerent parts of tie !E&rth, or on the cloudiness of t^e almo- 
Bphece. My departure to Paris, and the long period of political dis- 
turbance t^t involved the whole of the west of Europe, prevented my 
Irish from t)eing iLen accompli^ed, Ocrflt«d's great discovery (1820) 
of the intimate connexion between electricity and magnetism agün 
excit«d a general interest (which had long flagged) in the periodical 
variations of the electro-magnetic tension of the Garth. Arago, who 
many years previonsly had commenced In the observatory at Paris, with 
a new and eicellent declination instrument by Qambey, the longest 
lUliatoiTnpted series of horaiy observations which we poeeess in Europe, 
obowed, by a comparison trith simnU^aneaag observatioiiB of perturbation 
made at i^aan, what advantages might be obtained trom corresponding 
messurements of declination. When I returned to Berlin, after an 
dghteen years' residence in France, 1 had a small magnetic house erected 
in the antumn of 1828, not only with the view of canying on the work 
commenced in 1806, but more with the object t^t simultaneona oh- 
BemtJonsat hours previonsly determined, might be made at Berlin, PariB, 
and Freibnrg, at a depth of 3S fathoms below the surface. The simul- 
taneoua occurrence of the perturbations, and the parallelism of the move- 
ment« for October and December, 1829, were then grapbically repre- 
wnted. (Fo^. Ämuden, bd. ziz,, a 367, taf, L~iii.) An expedition 
into !Korthem Asia, undertaken in 1829, by command of the Emperor 
of Busma, soon gave me au opportmüty of working ont my plui on 
a latger scale. This plan was laid before a select committoe of one of 
tlie Imperial Academies of Science, and, under tbe protection of the 
Director of the Mining Department, Count von Caacrin, and tbe ez- 
Mllent superintendence of Professor Kap^r, magnetic stations were 
l^pointed over the whole of Northern Asia iram Nlcol^off, in the lino 
through Catharinenburg, Barnaul, and Nertscbinak, to Pekio. 

The year 1832 (OBttinger gelehrte Anzeigen, st, 20G) is distinguished 
u the great epoch in which the profound author of a general theoty of 
terrestrial magnetiam, Friedrich Gauss, erected apparatus constructed 
OD a new principle, in the Oättingen Observatory. The magnetio 
ohservatoiy was finished in 1831, and in the same year Oaoss distributed 
new iutrunLenta, with instructions for their nse, in which the celebrated 
pb}dclst, WUh^m Vober, look ntnnie intereit, over a large portion of 
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i^Mcha, obsemticffis are Kade »t inlenah of S^ i"™»t«i>, ad 
eontinoed foe 24 hoon e(»secDtiTdij. A ^tmt v^^^^^ attra- 
»oma and fkynäat baa calcvlated* that the isaas of obsem- 
tiona which are in pn^^ress will accomulate in the course c^ 
diree years te 1,908,000. Nerer b^bre haa so notje and 
die^fiil a Bjririt presided orer the iaquiry into the guaniita- 
tttw rdations of the laws of the phenjameoa of natare. We 
are, therefore, juatiBed in hc^äng, that these lam», whoi mi»- 
pazed with those wbicb govern the atmoiflicre and öie reBOter 
K|poDB of spaee, may l^ degrees lead us to a more intimate 

Oanniny ■DdBwedcD,aad tfa«irb^of Ital;. (Senllate der SetH. dm 
mmgttttuektn Venim* ü» J^tr, 188S, b. 13% and Vo^geaä. Atmahn, 
bd. zz^iL, a 430.) In Üia mign<rtie MuÖKtin Oat wm now fNned 
irith Oütüi^fek far its «eatra, simnUaneaw ohatmtioas Iwf« bssn 
mdeTtak^fbartiiDciayesridace lS36,siid«antinnednnii>teiniite<flj 
SM 34 hams. The period^ lunrerar, do not eoinäde nith tluwe of iM 
«qsmoua and static««, irtd^ I had proposed and ftdlowed out in 1888. 
Vp to tUs period, GiMt Briton, in poaMstiin «f the moat eztoiiTe 
«canroeice uid the lugeet navy in the iratU,had tahot nr — ■'-■<-- 
noreueat wUc^ since lS2ä had b^m to jieU i^por 
the mm« &z«d gtotmdwerk of tore^rial mgnetlaa. 
fiwtime, by a public appe^ &obl Berlin, n^A 1 sen^ in April 189^ la 
the Dnke of Soassz, at Unt timo Frrsideiit erf the Bojal Sodetj, (LeOia 
de JC. de Humboldt ft 3.AJL le Dae d« Bimex, sar loi intens pfo^ma 
tpTfertioimerlaeanTinii— wf« da mgnilisne tencatte ptt fMaUhaa- 
Biant dea irtatiirnn va^&Hqata et d'Obaerratiinia eonenondimtn), t» 
axüte a fiioidlT latereit in the anderlaUiw iriiidt it had so loag beea 
tbeehiefolject ^Biy wUh to carry oat. m n^ letter totheDÖke «C 
Rhssnr I nrged the «atabliibmiit of penaaent staliaa in Gmadl^ 
St Helena, the C^ of Oood Hop% the Me of Fssee, Ce^a% mA 
"Svw Upland, which ftn years previoady I had «dTsneed ta gaed 
paam<HU. The Sojal Bocie^ iqipoioted a joint phjiical and metaorola- 
gkal committee, which not only proposed to the Goremnwiit Ae etia- 
UIsluneBt of Giedmagneüc oheervatmies ia both benüapbraca, bntalas 
the eqnipBBat of a nanl expedilioD for "'«g''»**^ ohMTvatima in tha 
aalarctio aeaa It ia aeedka to prodaim the aUigati<m of iin«Be in 
this matter to Um great acttTlty of Sir Job« Hmthel. SabiBa, Aiiy, 
and Lloyd, as well as Qie pow^fai npport Oat was aftirded ^ tha 
Briüah Association for the AdTBoeement of Söanoe^ si their Besting 
beU. at Newcaatle in 1833. In Jose 18S9, Ae MriSMÜe magpiatie 
«ipeditioii, under t^ ccnunaad of Csptiön Jamaa Qaik Horn, waa M)y 



* Bee tha article im Ttrra^iai Jf^aelww.Bi the Qmmigtlg M 
18*0, Tol liri., pp. 2n-312. 
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i iriüi {he genetie eonditions of magnetic phrart' 
As jet we can wily boMt <tf faa'riiig opened a gfeoter 
mnaha ijt patha which may poesih^ )ead to an esplasa- 
tifl« of this eutneet. In the phyneal science of terrärtiial 
mngnetiam, whidi mnst not be confounded with the pure^ 
mäieraatical brandi (^ the stixfy, those penone only wm 
okt»n perfect satis&eltion who, as in the science of the 
meteorological procesBc« ot Hie atmosphere, cotivementlyturo 
ande the piaebcal bearing ot all phenomena that cannot be 
ejjJftined according to their own views. 

Terrestrial magnetism, and the electro-dynamic forces com- 
pated by t^ iateUectuaJ. Ampere,* atand in amultonconB and 
intinata cMinection with the terrestrial or polaf Hg^t, as well 
as with the internal and external heat of otir planet, wbooe 
magnetic poles may be considered as the poles of cold.f 
The bold conjecture hazarded 12S years aiiice by Halley.t 
* Instetd «f Meribin^ tbs tnienul heat of the esrüi to the tniuitisn 
of Sutter &0B ft TrnponT-likc fluid to a tolid ewdittoB, whid sccom- 
fasies the fbrmatlon of the pIsDetB, impirs hu ^opeimded Üi« id(B, 
wbidi I regard as highly impnAable, that the eudt'i tempoiBtora m^ 
b« the ecaaeqneiKe oT the emthiDODB chemical aetion of a nnidm of 
file metahi of (he earths md alkies on the oxidimBg extenud erort. 
It be doubted," he obeoTM in hto masterlj Thtorie da Pkim>- 
ntPEH^nami;««, 1836, p. 199, "fiuteleetro-magnetieeBTTCDte 
anst in the iateiisr of the ^obe, and that these nuxniia sre the eanse 
of Urn temperature. The; arise from the adjon of a eeninl metalfie 
»Bdeia, composed of (he metala discorered by Sir Hnm^itej DaVt 
■eting on the suroanding' oridlsed layer." 

+ The remaitable eontieetioii between the corratnie of the magnetie fines 
^id that «r my isothermal lines, ms first detected by Sir Dnid ftewster. 
See the Trttiitaetioiu tjf Ae Royal Sorted of Edinburgh, rol. iz. 18n, 
1^ SIS, SBd TnaUm on Magnelüm, 1837, pp. 42, «4, <T, end SS8. 
nis distingnitlied phytidst admita tiro ziAA polM ^ea afnuuimtmi 
eal^ in tlw norlhnn lumispfaera, aa Amerlon one near Cun ITaäer 
(78° Ut, lOO" W. long,), and an Asiatic one (73° tat., 80* B. Irag.) ; 
lAence uiee, aceoiding to him, two hot and tre «rid sterifiaBS, t. «., 
meridltni of greatest heat and eold. Even in ilte ItMi centnry, Acosta 
{Hialoria Jfaturat de I» Indiae, IG89, lib. i. cap. IT), groondlitg his 
D^nioD on Ue obserrationa of a very ezpetieiioed Fo itugu e s e pil»^ 
tea^t teat there were four thus wHhont dedinatinx. It wvnld seem 
fiem fte e«aln>*enj of Heniy Band (the author Of 3%e Lotv**iida 
AwM^ ISTS) with Be^bomnr, that thta Tiew in tome meuom in- 
ia aKJ s d %Dn in Us theory of firar nn^inetje poles. 8ae my Scantat 
■ CKNfM de rsifl. it la 0«tvn^ie, t. Bi. p. SO. 

% Halley, In the PhUoiophioal TVnruaetiona, voL xilx. (tot I7I1- 
\nV), No. 8». 
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that the aurora borealiB vas a magnetic phenomenon, hu 
acc|uired empirical certainty from Faraday's brilliant diecovery 
of the erolutjon of light by magnetic ibroea. The northern 
light is preceded by premonitory signs. Thus in the moroing 
before the occurrence of the phenomenon, the irregular horary 
course of the magnetic needle generally indicates a disturbance 
of the equilibriuia in the distribution of terrestrial magnetism,* 
When this disturbance attains a great d^;rce of intensi^ 
the equihbrium of the distribution is restored by a dis- 
charge attended by a development of light. " The aororaf 
itself is therefore not to be r^arded as an. externally mani- 

* [Tbe tmroTt. hontiia of October 31, 1S4T, trhioh wu one of Hie most 
IriUiint ever known in this comitiy, ma pieowled b; grest ntsgneUo 
diatuTbance. On the 22ad of October the "«TiTniir of the west decli- 
nation wu 23° 10' ; on the 23rd the positioa of the nugnet wm cim- 
tinusll; changiDg, sod the eitreme west dedinsüons were between 
SS° 44' and 23° 37' ; on the night between the 23td and 24th October, 
the changes of posiUon were very larjfe and Tec; frequent, the magnet 
at times moving acnwa the field to ispidlj that a dUEcnlt; ww expe- 
rienced in following it. During the daj of the 24tfa of October, thera 
was a constant change of position, but afUr midnight, when the anrora 
b^su perceptibt; io declme in brightness, the distorbsnce entiiely 
eeised. The changes of position of the horizontal-force magnet were as 
large and u frequent as those of th« decliialion magnet ; but the w- 
Ucid-foice msgnet was at no time so ranch affected m Uie other two 
instmments. See On Oie Avrora BortalU, lu it wai »een on Svndojf 
«venuv, Odober SUh, 1847, at Blaekheath, b; James Olaishei, Esq., of 
the Bq^l Observaloiy, Greenwich, in the L<mdim, SdMrargh, and 
Ifablin Phäct. Mag. and Jounuü of Scieuee, for ifov. 1847. See 
fortlioT, An Aeeountqf Ou Aurm-a Borealü of OOober lAe 2tlh, 1817, 
lij John H. Horgsn, Esq. We must not omit to mentjon, that magnelle 
disturbance is now regielercd b; a photographic process: the self- 
segietering photographic sppMstna nsed for ttus purpose in the obser- 
vatorj at Qreenwich, was designed b j Mr. Brooi^e, sÄid another ingenious 
instrument of this kind has been invented by Hr. F. Bonalds of tlie 
Biebxaood Oimmtorj.}—Tr. 

t Dove, in Foggend. Amuden, bd. ix. s. 341, bd. xix. s. 368. 
'"Thp declinstion needle acta in veiy near]}' the same wav is sn 
«tniiNpheric electrometer, whose divergence in like manner diews the 
increucd tension of the dectrlcity, before this has t>ecome so great »sta 
jield a spark." See also the excellent observations of Professor ^ImtK 
in his LehiimA der Mettordogie, bd. ill. g. G11-G19, and Sir David 
Brewster, in hLs Treatiie on Hagkfiigm, p. 280. Begsrding the mae- 
netic properties of the galTsnic flsme, or Inminous arch from a Bonsc^s 
carbon and daa batleiy, see CsMelnuun's BtdbaiÄtitngen (Marbm^ 
.I8U),s.M-42. 
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fested cauae of this diBturbance, but laiher as a result' of 

teUnrio activity, manifested on the one side by the appear- 
ance of the light, and on the otlier by the vibratione of the 
mognetio neeiUe." The splendid appearance of coloured polar 
light is the act of dischiu^, the termination of a magnetic 
Storm, as in an electrical etorm a development of light — the 
flash of lightning — indicates the restoration of the disturbed 
equilibrium in the distribution, of the electricity. An electric 
Btonn is generally confined to a small space, beyond the limits 
of which the conclition of Üie atmospheric electiieily remains 
nnchuigcd. A magnetic storm, on the other hand, shows its 
influence on the course of the needle over laige portions of 
continents, and, as Arago first discovered, far fixim the spot 
where the evolntion of hght was visible. It is not im- 
probable that as heavily chai^d threatening clouds, oning 
to frequent tiansitions of the atmospheric electricity to on 
opposil« condition, are not always discharged, accompanied by 
ligstning ; so likewise magnetic storms may occasion {hr. 
extending disturbances in the horary course of the needle, 
without there being any positive necessity that the equilibrium 
of the distribution should be restored by explosion or by the 
passage of luminous efflisions from one of the poles to the 
equator, or from pole to pole. 

In collecting aU the individual features of the phenomenoQ 
in one general picture, we must not omit to describe the 
<H^in and course of a perfectly developed aurora borealis. 
Low down in the distant horizon, about the part of the 
heavens which is intersected by the magnetic meridian, 
the sky which was previously clear is at once overcast. A 
dense wall or bank of cloud seems to rise gradually higher 
and higher until it attains an elevation of 8 or 10 degrees. 
The colour of the dark segment passes into brown or violet ; 
and stars are visible throi^h the cloudy stratum, as when a 
dense smoke darkens the sky. A broad brighÜy luminous 
arch, first white, then yellow, encircles the dark segment; 
but as the brilliant arch appears subsequently to the smoky 
gray segment, we cannot agree with Ai^elander in ascribing 
the latter to the efieot of mere contrast with the bright 
luminous margin.* The highest point of the arch of light is, 

* Aigeluider, in the important obserrations on the northeni lielit 
wntiodied in. Uie Vorträgen gtJuilten in der physikaliaoh-OhinomuaMl 
OttKOadu^ su KOaigÄerg, bd. i. ISSl, i. 2fiT-S61. 
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aoctsdiog to acounte ofaBerv&tion« nude on this sxlject,* 
not geo^tJlj in tlie magnetic meridian itaell^ but from S* la 
18* towards the diiectiou of the magnelae derdination of die 
place. I In northeni latitudes, in tiiemimediBteTiciDity of t^ 
. magoetia pole,* the smoke-like oonical s^inent appeaia len 
dark, and soBietiiDes h not even. seen. Where the horizontal 
fiiroe is the weakest the middle of the Inminoaa «näi demtes 
Üie mo6t &om the magnetic Fn^TVJJBn 

Xhe luminous arch remaina MtnetimeB for honre togedier 
fl ^ahiTifr and ^ ^ T yj^ing ilk eTer-Tarying undulations, before mys 
acd slxeamera emaiMte from it, and shoot op to tfae aeniÄ. 
The more intenae the discharges of the northern light, die 
more bii^t is die play of oolooze, throu(^ all the varying 
gtadations fr<m violet and bluish white to green sod enm- 
BDB. Even in ordinary electricity excited by friction the 
marks are only oolonred in oases where dw eiploaioB is -rerj 
mAmt after great teoaioa. The magn^ie «olmans cf &Be 
iiM either öngly from the Itrramoas arc^ bleaded widi Mack 
OfB limilar to thick smoke, or nmnhaneoaslf in ma^ 
<^ipo(nite points of the hcmoo, muting tc^th» to form a 
ftin^piTiig lea of flame, whose brilliant beauty admits of no 
■deqaate description, as the lominoBs wares are «««17 mnraent 
aaanming new and varying forms. I^ intennty of due l^rt 
iiHt times eo great, that J^weoorn (im the 29th of June, 17B6) 
recognised the comscatieB of the polar l^it in bright son- 
shine. Motion readers the phEauMtteaoB more visible. Ro^d 
the point in the vault of heaven wtüc^ oerrespoBde to due 
direotioii of die inehnadon of the aeedk, die beams umte 
together to form the so-called corona, the crown of the 

* For in Mconnt of the rsnilta of the oiMerv«U«u of LottiB, Biavais, 
and SilperatiSm, «bo spent k «inter at Baukop<m the cmat of Lftplsnd 

20° IT. Int.}, and in 210 nightB raw tha northem h^tt 160 tim^ see 
e Compta readtis de VAcad. da Seienea, t. x. p. 2B9, and Wtftin.' 
JEMfcrotopie, 1848, p. 4 BS. Bee sliw ArgeUnder, in the VerirOfeu 
gtk. tn da- KOnigibm-g OtMdbdu^, bd. L a SfiS. 

t [F»ftn>r Challi^ of Cunlnidi:«, state» tlMt m tlu sinon ef Oc- 
tober Mth, 1M7, the strauBeoi «11 «mvngad tonsFd« a nsgle pant of 
tKft hcBvena, dtnated in or very nor a vertiad oin^ pimäof Üxna^ 
the magnetic pole. Around tkia po'nt a oomaa ns foninMl, Üie r^i of 
irideh diTeiged in dl directioni fi«in the centre, leaving; a space free 
bomli^: ite athnath w>« 13° U'lrmaoBttl toew^nauaaUitada 
«9°«'. "-- "-'iiMitr ^■Ilii. in thii ilfJiiii— m. fiiil 11, iniT] n 
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nortliaii lights irhicli encirelee Ute eaxaaii of the heaTcal^ 
ouic^ with a milder radiuMe aiul unflickering ema^tiotifi of 
li|^. It ia only in nre imtancea tbftt a perfect cmwa or 
eiide ia ibrmed, but on its completioii tltc [^ettomenoa haa 
invariably reached its maximum and the radiatiiKU betxmte leas 
frequent, shorter, Knd maroftolourtos»- The crown and the hi- 
aänonB arches break up, and the wbole TKult of heaven becomes 
e«Tei«d «ilh irregiilaily Mattered, brottd, iaint, almost a^y 
gmy humnons imaioTiJde patches, which in their turn dis. 
^^ear, lewring nothing but a trace of the dark, sm^^e-likQ 
■enment do the horizon. There oiten remains nothius af 
Hie whcde spectAcle but a ^^te, dc^cate dond with featSeiv 
edges, or difided at eqoal distanoes into small roundi^ 
groups, like cüno-cumnlL 

Tliis emneetion of the ptdsr light vith the most ddicate 
cirrous clouds deserves special attention, because it shows that 
the electro-magnetie evcmition of light is a |Hirt of a meteorO' 
Ii^llieal process. Terrestrial magnetiBm here mamfeets ila 
influence on the atmosphere and on the condensation of 
«qnmns vapour. The Seecy clouds seen in Iceland by 
IhienemoBn, and whkh he cmuidered to be the northern 
tight, have been seen in recent times by Franklin and Blchard- 
B(ax near the American North Pole, and by Admiral Wrai^d 
so the Siberian coast of the Folar sea. All remarked " tbat 
the aurora flawed fiHth in the most vivid beamä when masses 
of cimons strata were hovering in the upper r^ons of the 
»ir, and when these were eo tiiin that their pr escn oe could adiy 
be recognised by the formation of a halo round the moon." 
These ckuids sontetimes range themselves, even by day, in a 
■imiLif manner to the beams' of the aurn^a, and then disturb 
tiie conise at the magnetic needle in the same manner as the 
latter. (M üie noming after every distinct noctonal 
ianarfi, the same superimposed strata of cloods have still been 
observed that had previously been luminous.* The apparently 

* Jahn B WnVHn, Jfarratiee of a Joamen to &* SJuirtt of &a Pdtr 
An, M Ute Tear* 1S19-1B22, pp. 652 Rod £97 ; ThieBemum, in tha 
MiM^urnlt P/tÜMopliieal Joimtai, vol. zz. p. SA6 ; FarqnlimsoD, in 
v«L Ti. p. S92, of tfaa suna joonul ; Viwgel, Phyt. Beob., s. 69. 
AMif «nn mv the grait arck of (ba aorthem llgkt contisus throaghoai. 
tha ^j. (ffoirual <if a Bteami Voyag«, ptr/ormed in I8S1-IS28, 
ft. ise.} Samething of the aame utore km mob in inland on tbi Mh 
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OonTergic^ polar zones (streaJcs of clouds in tiie directum <tf 
the tnagnetic meridian), vhich conetanüy occupied my att«ii' 
lion during my joumeya on the elevated plateaux of Mexico, 
and in Norüiem Asia, belong probably to the same group 
of diuinal phenomena * 

Southern lights have often been seen in England by the 
intellüent and inde&tigable observer Dalten, and northern 
l^hts nave been observed in tlie soulhem hemisphere ae &r 
as 45° latitude (as on the 14th of January, 1831). OnoccasioBB 
that are by no means of rare occurrence; the equilibriimi at 
both poles has been simultaneously disturbed. I have disco- 
vered with certainty that northern polar lights have been seen 
'within the tiopics in Mexico and Peru. We must distinguish 
between the sphere of mmultaneous visibility of the pheno- 
menon and the zones of the earth where it is seen almost 

of Beptembar, 1S27. A Imninana arch, 20° high, witli colomciB pro- 
oeeiUng from It, wbb seen, at noon in a part of the Bky that liad been 
clear after r^n. {Journal of t3\e Royal Iiat^uiion <^ Qreat Britain, 
1828, Jan., p. 4,29.) 

* On m; retnni fram my Amsricaa tnrelB, I deaeribed llie delicat« 
cirro-cumiüaB cloud, which appears uniformly dlTided, as if bj the action 
of repulmre brcea, under the name of polar bände (bandes potaäta), 
becaoBC their perBpectire point of convergence is moetl; at first in 
Qie magnetic pole, so tliat the parallel row» of fleecy clouds follow the 
magDfitic meridian. One peculiarity of Uub myBt«riou9 phcnomeuon Is 
tie oscillation, or occadoaally the ^^uaUy progreaBiTe motion, of the 
point of convergence. It is usually observed that the bands are only 
full; developed in. one region of the heaveDe, and the; are seen to move 
first &om south to north, and then gradually &om east to weat. I could 
not trace any comiectioa bet>Feen the advsjicing motion of the bands 
and alterations of the currents of air in the higher regions of the atmo- 
spherc. Tliey occoi when the ait ia eilremely calm and the heayens ore 
quite serene, and ore much more coramon under the tropics thou in Ütt 
temperate and frigid zones. I have seen this phenomenon on the Andes, 
almost under the equator, at an elevation of 15,920 feet, and in Northern 
Asia, in the plaing of Entanqjarski, south of BuchtarmiiiBk, so similarly 
developed, that we must regard the influences producing it as very 
widely distributed, and as depending on general natural forces. See 
the important observations of Käratz ( Vorhttingen Über Xeteoroloffie, 
1810, B. H6), and the mtse recent ones of Martina and Braraia {3ft- 
Uoroiogie, 1B13, p. 117). In south polar bands, composed of veir 
delicate clouds, observed by Arago at Paris on the 23rd of June, I8H, 
dork rays shot upwards from an arch running east and west. We have 
already made mention of black rays resemblii^ dark smoke, ss occur- 
ring in brilliimt noctonsl aorthern light» 
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-niglitly. EveiT obserrer no doubt sees a separate aurora 
of hie own, as he sees a separate rainbow. A great portion of 
the caxih simultaneously engenders these phenomena of emana- 
tions of light Many nights may be instanced in which the 
phenomenon has been simultaneously observed in England 
and in Pennsylvania, in Rome and in Pekin. When it is 
stated that auroras tliminiali with the decrease of latitude, 
the latitude must be understood to be magnetic, and as mea- 
sured by its distance from the magnetic pole. In Iceland, in 
Oreenland, Newfoundland, on the shc^es of the Slave Lake, and 
«t Fort Enterprise in Northern Canada, these lights appear 
«Imost every night at certain seascms of the year, celebrating 
vrith their flashing beams, according to the mode of expression 
«ommon to the mhabitants of the Shetland Isles, " a merry 
dance in heaven."* Whilst the aurora is a phenomenon of 
rare occurrence in Italy, it is frequently seen in the latitude of 
Fhiladelphia (39" 57'), owing to the southern position of the 
American magnetic pole. In the districts which are remark* 
'able, in the New Continent and the Siberian coasts, for the 
frequent ooeurrence of this phenomenon, there are special 
r^ons or zones of longitude, in which the polar light is 
j)artienlarly bright and brilliant, f The existence of local 
mfluences cannot, therefore, be denied in these oases. Wran- 
-gel saw the brilliancy diminish as he left the shores of the 
Polar sea, about Nischne-Kolymsk. The observations mad« 
in the North Polar expedition appear to prove that in the 
immediate vicinity of the magnetic pole the development of 
light is not in the least degree more intense or frequent than 
M some distance from it, * 

The knowledge which we-at present possess of the altitude 
of the polar light is baaed on measurements, which, irom their 
nature, the constant oscillation of the phenomenon of light, 
'and the consequent uncertainty of the angle of parallax, are 
not deserving of much confidence. The results obtained, set- 
ting aside the older data, fluctuate between several miles, and 



• The northern lights are called by the Shetland Idandew "th« 
men; dancers." (Kendal, in the Quarterly Jovmal f^f Science, aew 
•eriea, vol. iv. p. 39S.) 

f See MuDcke'B ezcelleut vork Id the new edition of Qebler's Phynk. 
WorUnimK bd, vii L 8. 113-a^S, tmd especiall)' a. IBS. 
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«n eli;vnticai of 3000 or 4000 feet ; and, in all probaljili^, 
llie northern lights at didbrent times occur at very difiereat 
deratioDB.* The most recent observers are disposed to place 
the phenomenon in the region of clouds, and not on the con- 
fines of the atmosphere ; and they even believe that the rays 
of the aurora ma; be affected by winds and currents of air, if 
the phenomenon of light, by which alone the existence of an 
electro-mngnetio current is appreciable, be actually connected 
with matenol groups of Tesicles of vapour in motion, or more 
correctly speaking, if light penetrate them, passing from one 
vesicle to another. Franklin saw near Great B^ I^ake a 
beaming northern light, the lower side of which he thought 
illuminated a, stratum of clouds ; whilst, at a distance of <mly 
eighteen geographical miles, Kendal, who was on yraicL 
throughout the whole night, and never lost sight of the sky, 
perceived no phenomenon of light. The assertion so fre- 
quently mainbuncd of late, that the rays of the aurora have 
been seen to shoot down to the ground between the spectator 
and some neighbouring hill, is open to the charge of optical 
delusion, as in the cases of strokes of lightning or of the &11 of 
fire-baits. 

Whether the magnetic storms, whose local character we 
have illustrated by such remarkable examples, share noise as 
well as light in common with electric storms, is a ques- 
tion that has become difficult to answer, since implicit con- 
fidence is no longer yielded to the rehüdom of Greenland 
whale-fishers, and Siberian fox-hunters. Northern lights 
appear to have become less noisy since their occurrences 
have been more accurately recorded. Parry, Franklin, and 
Richardson, near the North Pole; Thieneiaann, in Iceland, 
Oicscke, in Greenland; Lottin and Bravaia, near the North 
Cape ; Wrangel and Anjou on the coast of the Polar Sea, 
have together seen the aurora thousands of times, but never 

• Fantohareon in the Edinburgh Fkiht. Jo^mat, voL Tri, p. 304; 
PhOoB. Traaaad. for 1829, p. 113 

[The height of the bow of light of the aurora bcch at lie Camhridgp 
observatory March 19, 1S4T, vas detemiined b; Profeaaora Challia, of 
Cambridge, and Chevallicr, of Durham, to be 177 miles above the suiv 
fiwa of the eirtb. See the notica of ihis meteor in An Account <^ Ä« 
Aurora. Sortaiu of Oct. 24, 1847, by John H. Moisao, Esq., 184S.]— 
2V. ■ ■ 
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beard any Bound attending the pbenomenoB. If this negative 
testimony should not be deemed equivalent to the positiTe 
coimfer eridence of Heame on the mouth of the Copper River 
and of Henderson in Icehmd, it must be remembered that 
' although Hood heard a noise as of quickly-moved musket- 
boHa and a slight cracking sound during an aorora, he abo 
noticed the same noise on the following day, "n-hen there was 
no northern light to be seen; and it mnst not be foigottan. 
that Wrangel and Oieaeke were ^ly convinced that the sound 
they had heard was to be ascribed to the contractioa of ibe 
ice and the crust of the snow on the sudden cooling of the 
atmosphere. The belief in a crackling sound has ansen not 
amongst the people generollT, bat rather amongst learned 
bsveUers, because in earlier tmies the northern light was de- 
clared to be an effect of atmospheric electricity, on account of 
' the luminous manifestation of the electricity in rarefied space, 
and the observers found it easy to hear what tliey wished to 
bear. Recent experiments with very sensitive electrometers 
have hitherto, contrary to die expectation generally enter- 
tained, yielded only negative results. The condition of the 
electricity m. the atmosphere* is not found to be changed 
dnring the most intense aurora ; but, on the other hand, the 
three esprcssions of the power of terrestrial magnotisvi, de- 
dination, inclination, and intensity, are oU aäected by polar 
light, so that in the same night, and at diflferent periods cJ the 
magnetic development, the same end of the needle is both 

■ [Mr. James QlMsIier, of the Kojal Obiervatory, Greenwich, in his 
■mt«ieatmg Remarts on the Weaihcr during the Quarter ending Decern- 
6er 81«(, 1847, aajs, " It is a &ct well worthy of notice, that from the 
bepnning of this quarter till the 201h of December, tho olectrioity of 
the ahnosphere was almost alwaji in s neutral state, so that no Bigas of 
riectddty were shown for aeTeral days together by any of the electrical 
.instnuncntfi." During this period Uiere were eiglit exhibitions of the 
anrota borealis, of which one was tbe peculiarly bright display of the 
meteor on the 2Jth of October. These frequent eihibitions of brilliant 
suTMie seem to depend upon many remai^ble meteorological relations, 
jbr m find, according to Mr. Olaisher's statement in the paper to which 
«e hsv« already allnded, that the preTious fifty years aflbrd no parallel 
aeuon to the closing one of t8i7. The mean temperature of evapora- 
äon, and of the dew point, the mean elastic force of vapour, the mean 
leading of the barometer, and the mean daily range of the readings of 
the thermometeiB in air, wero all greater at Qreenirich during ÜMt 
season of 1S17 thao the Knaigp range of many preceding youa.}— ?V. 
02 
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attracted and repelled. The assertion made bj Pany, on the 
itrength of the data yielded by his observations in the neigh- 
bourhood of the magnetio pole at Melville Island, that the 
aurora did not disturb, but rather exercised a calming infla- 
ence on the magnetia needle, has been satis&ctorily refuted br 
Parry's own more exact researches* detailed in bis journal 
and by the admirable observations of lUchaidson, Hood, 
and Franklin in Northern Canada, and lastly by Bravais and 
Lottin in Lapland. The process of the aurora ia, as has 
already been observed, the restoratioii of a disturbed condition 
of equBibrinm. The effect on the needle is different according 
to the degree of intensity of the explosion. It TCas ouly nn. 
appreciaMo at the gloomy winter station of Bosektro when 
.. , -,- ,. .-.,,. he tor 



the phenomenon of light was very &int and low in the h< 
lite shooting cylinders of rays have been aptly compared 
to the flame which rises in the closed circuit of a voltaic pile 
between two points of carbon at a considerable distance aprärt, 
or, according to Fizeau, to the flame rising between a silver 
and a carbon point, and attracted or repelled by the magnet. 
This analogy certainly sets aside the necessity of assuming the 
existence of metallic vapours in the atmosphere, which some 
«eiebrated physicists have regarded as the substratum of the 



When we apply the indefinite terra polar light to the Inmi- 
nons phenomenon which we ascribe to a galvanic current, that 
is to say, to the motion of electricity in a closed circuit, we 
merely mdicate the local direction in which the evolution of 
light is most frequently, althoi^h by no means invariably, 
seen. This phenomenon derives tne greater part of its import- 
uice frfnn the fact that the Earüx becomes telf-laminous, and 
that as a planet, besides the Ught which it receives from the 
central body, the Sun, it shows itself capable in itself of 
developing light. The intensity of the terrestrial light, or 
rather the luminosity which is diffused, exceeds, in eases of 
the brightest coloured radiation towards the zenith, the light 
of the Moon in its first quarter. Occasionally, as on the 7th 
of January, 1631, printed characterscouldberead without dif- 
ficulty. This ahnost uninterrupted development of light in the 
Earth leads us by analogy to the remarkable process exhibited 

■ Sliatt, LthrbuiA der MeUoroloffü, li.vLt.i9S and 501. 
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in Venus. The portion of this planet vhicli is not illumined 
by the Sun often ahines with a phosphoresoent light of its own. 
It ia not improbable that the Moon, Jupiter, and the comets 
shine with an independent light, besides the reflected solar 
li^t viaible through the polanicope. Without speaking of the 
problematical bat vet ordinary mode in which the sky is iUu.- 
minated, when a low cloud may be seen to shine with an 
uninterrupted flickering light for many minutes togeüier, we 
still meet with other instances of terrestrial devetopment of 
light in our atmosphere. In this category wc may reckon the 
odebmted luminous mists seen in 1783 and 1831 ; the steady 
luminous appearance exhibited without any flickering in gre^ 
clouds oberäved by Rozier and Beccaria ; and lastly, as Ar^o* 
well remarks, the &int diffiised light which guides the steps 
vt the traveller in cloudy, starless, and moonless nights in , 
autumn and winter, eren when there is no anow on the 
ground. As in polar hght or the eleetro-magnetio storm, 
a current of brilliant and often coloured light streams throu^ 
the atmosphere in high latitudes, so also in the torrid zones 
between the tropics, the ocean simultaneously dcTelopes light 
over a space of many thousand square miles. Here the 
magical efiect of hght is owing to the forces of organic nature. 
Foaming with light, the eddying wares flash in phosphores- 
cent sparks over the wide expanse of waters, where every 
scintiUation is the vital manifestation of an invisible animal 
world. So varied are the sources of terrestrial light! 
Must we still suppose this light to be latent, and combined in 
vapours, in order to explain Moser'i image» produced at a 
distance, — a discovery in which reality has hitherto manifested 
itself like a mere phantom of the imagination. 

As the internal heat of our planet is connected on the one hand 
with the generation of electro-magnetic currents, and the pro- 
cess of terrestrial light, (aconsequence of the magnetic storm,) it 
on the other hand discloses to us the chief source of get^nostie 
-phenomena. We shall consider these, in their connection 
-with and their transition from merely dynamic disturbances) 

' * Arago, on the diyfogn of ITSS and 18S1, irMch iUumhiat«d die 
night, in the Amnuxtr* du BvrtoK dot Longitiida, 1S32, pp. 21Q and 
^50 'j snd, rogtrding exbaordinaiy Jmnlnoiu appearancea in clonds 
iritliont atDimi, see Notices svr fa Tonnerre, in the An/Miairt vour 
Tan 18B8, p. 27B-2BG. 
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from the eleration of wliole oontinenta snd raountun ehainB to 
the derelopment and efi\ision of gaseous and Uquid fluids, of 
hot mud, and of those heated and molten earths which be- 
come solidified into ciystaUine mineral masses. Modem 
gccffinoay, the mineral portion of terrestrial physics, has made 
no slight adranee in haying investigated this connection (^phe- 
nomena. Thia investigation has led us away from the deluBire 
hypothesis, by which itwascustomaryformerly toendeaTourto 
explain, individually, every expression of force in the t^restrial 
globe; it shows us the connection of the occurrence of hel«rcg&- 
neons substances with that which only appertains to changes 
in space (disturbances or elevations) and groape farther 
phenomena which st first sight appeared most heterogenous ; 
as thermal springs, effiision of carbonic aeid and snlphurous 
vapour, innocuous salses (mud ei'uptions) and the dreadiul devas- 
tations of volcanic mountains.* In a general view of nature aU- 
these phenomena are fused together in one Bcde idea of the 
reaction of the interior of a planet on its external surface. We 
thus recognise in the depths of the earth, and in the increase 
of temperatm-e with the increase of depth from the eurfece, 
not only the germ of disturbing movements, but also of the 
gradual elevation of whole continents (as mountain chains on 
long fissures), of volcanic eruptions, and of the manifold pro- 
duction of mountains and mineral masses. The influence of 
this reaction of the interior on the exterior is not, however, 
limited to inorganic nature alone. It is highly probable, that 
in an earlier world more powerful emanations of carbonic 
acid gas, blended with the atmosphere, must have increased 
the assimilation of carbon in vegetables, and that an inex- 
haustible supply of combnstible matter (lignit«8 and car- 
boniferons fi)rmations) must have been thus buried in the 
upper strata of the earth by the revolutions attending the 
destruction of vast tracts of forest. We likewise perceive 
that the destiny of mankind is in part dependent on the form- 
ation of ttie external surface of the earth, the direction d 
mountain tracts and high lands, and on the distribution of 
elevated continents. It is thus granted to the enquiriog mind 

• [See Mantan'B Wanden tf QeUoffs, 18«, vol. 1. pp. 3*, 85, 105; 
Am hyeWi Principle of Qedogy, vol. ii., and "Dx^Kiaxj, On Foietmott, 
2nd ei 18*8, P. !!., ch. xxiiL mxill.]— TV. 
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to pass firom link to link akmg the chain of phenomena xtntil 
it reaches the period vhen, in the eolidüying proceas of ow 
pltmet, and in its first transition from the gaseous form to the 
i^lomenition of matter, that portion of the inner beftt of Üie 
earth was developed, 'which does not belong to the action ot 
tbe Sun. 

In order to give a general delineation <^ the causal con- 
Bection of geognostical phenomena, we will begin with those, 
whose chief characteristic is dynamic, consisting in motion 
and in change in space. Earthquakes manifest themselves by 
qnick and successive vertical, or horiKontai, or rotatory vibra^ 
tions.* In the very considerable number of earthquakes 
WÜch I have experienced in both- hemispheres, alike on land 
and at sea, the two first-named kinds of motifm have oft^i 
Sppeared to me to occur simultaneoiosly. Hie mine-like explo- 
sion — ^the vertical action from below upwards — ^waa most strik- 
ingly manifested in the overthrow of the town of Riobamba 
in 1797, when ttie bodies of many of the inhabitants were 
fbund to have been hurled to Cullca, a hill several hundred 
ieet in height and on Üie opposite side of the river Lican. 
The propagation is most generally effected by undulations in 
d linear direction,! with a velocity of from twenty to twenty- 
^ight miles in a minute, but partly in circles of commotion 
or ,lai^ ellipses, in which the vibrations are propagated 
with decreasmg intensity from a centre towards tiie circum- 
ference. There are districts exposed to the action of two 
intersecling circles of conunolion. In noilhem Asia, where 
the Father of HistoTy4 and subsequently Theophjlactus 
8ifnocatta,§ described the districts of Scythia as free from 
earthquakes, I have observed the metalliferous portion of the 
Altai mountains under the influence of a twofold focus of 

* [See Danben^, 0» Vo!amoeM, 2ud ed., ISIS, p. 600.]— TV. 

i- [Ou the lioear directiou of eaiUiqiu^ei, me Daubenej, On VokO' 
«OM, p. 515.]— TV. 

t Herod., It. 28. Tbe prostration of the colouü sbttae of Hcmnoi^ 
wbich has been agiJn restored, (Letroime, La Statue vocale de Jfemnon, 
18S5, pp. 25, 36,) preoenta a fkcl in oppoeitiaD to Üie ancient prqjudiM 
llut E^t ii free from eaithqoakea (Fliny, U. 80) ; l>ut the nilej of (he 
Itile doe« lie eitenud to the circle of conunotioa of Byzantium, th» 
i4t'änpeUK0, KOd Syria (Ideier ad Ariitot. HeLeor.,^ £34). 

S Siiiotr Martin, in the learned Notes lo Lebean, aiiL liii Bat Ermitti 
t.U.p,*01, 
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commotioii, the lake of Baikal, and the Tolcano a£ the Celo- 
tial Mountain (Thtanschan).* When the circles of conuno- 
tion intersect one another, when, for instance, an elevated 
plain lies between two volcanoes simiiltancously iti a state of 
eruption, eevend waTe-systems may exist together as in fluids, 
and not mutually disturb one another. We may even sup- 
pose inUrfertnct to exist here as in the intersecting waves of 
sound. The extent of the propagated waves of commotion. 
will be increased on the upper sur&ce of the earth, according 
to the general law of medünics, by which on the trausmissioa. 
id motion in elastic bodies, the stratum lying free on the (me. 
side endeavours to separate itself from the other strata. 

Waves of commotioa have been investigated by means of. 
the pendulum and the eeismometerf with tolerable accurecy, in 
lespect to their direction and total intensity, but by no meana 
witA reference to the internal nature of their alternations and 
their periodic intimiescence. In the city of Quito, which, 
lies at the foot of a still active volcano, (the Rucu Pichincha), 
and at an elevation of 9540 feet above the level of the sea,, 
which has beautiful cupolas, high vaidted churches, and massive 
edifices of several stories, I have often been astonished that 
the violence of the nocturnal earthquakes so seldom cansea 
fissures in the walls, whilst in Üie Peruvian plains osciUationB 

* Humboldt, Ant Cttarale, t ii. p. 110-I1S. In r^ud to the dif- 
fetcnce between agitation of (he surface and id the strata lying ben«al)L 
it, K« Oaf'LnsBu:, in die Annak» dt Chintie rt de Physique, t. zxii. 
p. 429. 

t [This instnunsnt in its flimplest form coiuöete merely or s bsdii. 
filled with some viBcid liquid, which on the occurrence of a shock of an 
earUiquale of sufficieut force to diatutti the equilibrium of the baildiog 
in which it is placed, is lilted on one side, and tlie liquid made to rise 
in the same directjou, thos ebowing by its height, the degree of ths 
distarbance. Professor J. Forbes has invented an ingtruioent of this 
nature, although on a greall; improved plan. It conuata of a vertical 
metal rod, having a ball of lead moveable upon iL It is supported 
upon a cjliudrieal st«el wir^ which may be compressed at pleasure by- 
means of a screw. A lateral movement, such as thai of an earthquake 
which carries forward the base of the instrument, can only act upon th» 
ball throQgh tbe medium of the elasticity of the wire, and the direction 
of the displacement will be indicated by the ptane of vibration of the- 
poidulum. A self-regiElering apparatus is attached to the machine. 
3ee Professor J. Forbes' acconat of bis iBveation in Edtitb. Phii. Tratu^ 
Xd\. XV., pt 1.]— TV. 
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^)piueDÜy mach less intense injure low reed bottages. The 
natives, who have experienced many Inmdred earthquakes, 
beliebe that the difference depends less upon the length or 
shortness of the iraves, and the elowness or tttpidity of the' 
horizontal vibrations,* than on the uniformity of the motion 
in opposite directions. The circling rotatory commotions are' 
the most uncommon, but at the same time the most dangerous. 
Walla were observed to be twisted, but not thrown down ; 
lows of trees turned from their previous parallel direction ;~ 
and fields covered with different hinds of plants found to bo 
displaced in the great earthquake of Riolümiba, in tho pro- 
vince of Quito, on the 4th of February, 1797, and jn that of 
Calabria, between the 5th of February and the 38th of March, 
1783. The phenomenon of the inversion or displacement of. 
fields and pieces of land, by which one is made to occupy tho 
place of another, is connected with a translatory motion or 
penetration of separate terrestrial strata. When I made the 
plan of the mined town of Riobamba, one particular spot 
'was pointed out to mc, where all the furniture of one honse 
had been found under the ruins of another. The loose earth 
bad evidently moved hke a fluid in currents, which must be 
assumed to have been directed first downwnrds, then hori- 
zontally, and lastly upwards. It was found necessary to 
appeal to the Atidiencia, or Council of Justice, to decide upon 
the contentions that arose regarding the proprietorship of 
objects that had been removed to a distance of many huodied- 
toises. 

In countries where earthquakes are comparatively of much 
lessfrequcnt occurrence, (as, for instance, in southern Europe,) 
a very general belief prevails, although unsupported by the . 
authority of inductive reasoning,t that a calm, an oppressive 

■• " Tutiasimiim estcnm vibrat oriepania tedifieiorum cnpitu; etcnm.. 
Intumeadt assurgens altemoque motu re^det, innaxium et cum cancur>. 
rentia teeta contrario ictn arielant; quoniam ailer motng alleri reniütar. 
üadaatis inclinatio et Suctua more qusedun valntatlo infesU est, sat 
cum in unam partem totus Be motua impeUi(^"^Flm., ii. 83, 

t Even in Italy thcj have begun to übaerve Uia( eüliquakea are no- , 
connected witit the state of the weather, that is to say, irith th« appear- 
ance cf the heavens immediately befDro the shock, The numerical 
leeulta of Friedrich Hoffinanu {HiiUerlaesene Werke, hd. iL 868-375). 
exactly correspond with the experience of the Abbate Sein» ot Palermo. ^ 
1 have mjEelf aeveral times ohBarred reddish clouds ott_the day otaa. 
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beat, and & näetj horizon are always the forerunners of thii 
[^nomenon. The &Uacy of Hub popular opinion ü not only 
refuted by my own experience, but likewise by the observft- 
tiona of eXl those who Imve lived many years in districts where, 
0« in Cumana, Quito, Peru, and Chili, the eartii is freqneatty 
and violently agitated. I hare felt earthquakes in clear air 
and a &esh east wind, as well as in rain and thunder-atom». 
The regularity of the horary changes in the ' declination of th6 
magnetic needle and in the atmospheric pressure remained 
un^tnrbed between the tropics on the days when eartfa- 

Miihqaake, and Ehoitlj heCoK it: on the 4Ui of KoT«mber, 179S, I cz- 
perienced tiro Ebarp Bbooka at (lie moment of a, loud clap of thnnder. 
(fidat. hist., Lit, it. chap. 10.) The Turin physicist, Vaaaalli Eandi, 
obseired Tolta'a electrometer to be atronglj agitated diiring the pro- 
tracted earthquake of Pi^erol, which laaMd from the Snd of AprÜ (o 
tlu 17Ui of May, 180S ; Journal de Phyriqtu, t. Ixrii. p. 2S1. Bat 
iha» indications presented bj clouds, b; modifications of atmo^erie 
^ectricity, or by calms cannot be regarded as generally or necasaräg 
connected wiüi earlhquakcs, since in Quito, Fem, and Chili, as well as 
in Canada and Italy, many earthquakes are observed along with the 
mu^Bt and clearest skies, and with the freshest land and sea breezes. 
But if no meteorological phenomenon indicat«9 the coming emrthquake 
either on the morning of the shock or a few days previonsly, the toflueaea 
of certain periods of the year, (the vemat and autnmaal equinoxes,) the 
ComnienconeDt of the rainy eoason in the tropics ailer long drought, and 
Üie change of the monsoons (according to general belief^ cannot be over- 
looked, eren though the genetic connexion of meteorological processes 
irith those going on in the interior of our globe is stii! enveloped in ob- 
■onhty. !truuierical inquiries on the distribution of earthquakes throngh- 
OBt the oourse of the year, such as those of Ton Hoff, Peter Meriau, and 
friedlich Hoffinann, bear testimony to their frequency at t^e periods 
the equinoxes. It is singular that Pliny, at the end of his lancifiil 
theory of earthquakes, names the entire frightful phenomenon, a sub- 
terranean storm ; not so much in consequence of the rolling sound which 
frequently accompanies the shock, sa because the elastic forces, concus- 
sire by their tension, accumulate in the interior of the Earth when they 
KK airäent in the atmosphere I " Yentos in causa esse non dubium reor. 
Veque cnim nnqnam intremiscunt («rne, nisi sopito mari, coeloque adeo 
totmqnillo, nt rolatoa avium non pendeant, subtiacto omni spiritu qui 
Tshit ; nee miqnsjn piai post ventos conditos, scilicet in venaa et cavemaa 
tjaa oceuM« «fltsta. Neque aliud est in tern tremor, quam in nube toni- 
timun; nee hiatus alind qoam cum fulmen erumpit, incluso spirit« 
lActante et ad libertatem eiire nitente." (Plin. ii 79.) The genns of 
almost ereiything that has been ohserred or imagined on the causes of 
MTthqnakes, np i« the nrssont day, may be found in Seneca, JfaL QuaM^ 
rt. *-31. 
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qoalKS oceuR«d.* These &cts agree with the observationi' 
laade by Adolph JSrroon, (in the temperate zone, on the 8th 
of March, 1829,) on the occasion of an earthquake at Irkutsk, 
oear the L^e of Baikal. Daring the violent earthquake of 
Cnmana, on the 4th of November, 1799, I fonnd the declina- 
tioa and the intensity of the magnetic ibrce alike unchanged, 
bat to my BTirprise, the inclination ofthe needle waa diminished 
about 48'.t There was no ground to suspect an error in the 
calculation, and yet in the many other earthquakes which I 
have experienced on the elevated plateaux of Quito and Lima, 
die inclination as well as the other elements of terrestrial mag- 
netism remained always unchanged. Although in general, 
the processes at work within the mterior of the earth may not 
be announced by anv meteorological phenomena or any special 
appearance ofthe sky, it is, on the contrary, not improbable, 
as we shall soon see, that in cases of violent earthquakes Bome 
eBetA may be imparted to the atmosphere, in consequence of 
^ich they cannot always act in a purely dynamic manner,' 
During the lone-continned trembling of the ground in the 
Picdmontese vaileya of Pelis and Clusson, the greatest changes 
ib the electric tenüon of tiie atmosphere were observed whilst 
Uie sky was cloudless. The intensity of the hollow noise which 
generally accompanies an earthquake does not increase in the 
same degree as the force of the oscillations. I have asccr- 
liiined with certainty that the great shock of the earthquake 
of Biobamba (4th Feb. 1 797)— one of the most fearful phe- 
BOmena recorded in the physical history of our planet — -was 
not accompanied by any noise whatever. The tremendous 
noise (el jran rutrfo) which was heard below the soil of the 
cities of Quito and Ibarra, but not at Tacunga and Hambato, 
nearer the centre of the motion, occurred between eighteen 
and twenty minutes aßrr the actual catastrophe. In the cele- 
bwtted earthquake of Lima and Callao, (28th of October, 1746,) 
a noise resembling a subterranean thundcr'Clap was heard 
at TruxiUo a quarter of an hour after the shock, and unaccom- 
panied by any trembling of the ground. In Eke mantver 
long after the great earthquake in Tfew Granada, on the 16tli 

* I have given proof Uut the coom of the boroiaiy variktions of the 
taromster 1b not »SteteA before or after earthqu&kea, in mj S4iat. Atft^ 
tip. 311 and SIS. 
' t Hanlx^tt SOaL kitt., tip. nS-Glf. 
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of Norember, 1827, described by BoasKnganU, flobiemaean 
detonations 'were heard in tlie whole raJley of Cauca durii^ 
twen^ or thirty seconds, unaUended by motion. The nstare 
of the noise varies also very much, being eitiier rolling, or 
raetliiig, or clanking like chaing when moved, or like near 
thunder, as, for instance, in the city of Quito ; or lastly, clear 
and ringing, as if obsidian or some other vitrified masses wer» 
struck in subterranean cavities. As solid bodies are excellent 
conductors of sound, which is jmipagated in burot clay, for 
instance, ten or twelve times quicker than in the ah, the sub* 
terranean noise may be heard at a great distance from the 
place where it has originated. In Caracas, in the giassv 
plains of Calabozo, and on the banks of the Rio Apure, whico 
blls into die Orinoco, a tremendonaly loud noise, reeembling 
thunder, was heard, unaccompanied by an earthquake, over a 
district of land 9200 square miles in extent, on the 30th of 
April, 1812, whilst at a distance of 632 miles to the north- 
east, the volcano of St. Vincent in tbe small Antilles, poured 
forth a copious atrram of lava. With respect to distance, this 
was as if an eruption of Vesuvius had been heard in the north 
of France. In the year 1744, on the great eruption of tho 
volcano of Cotopaxi, subterranean noises, resembling the dis- 
charge of cannon, were heard in Honda, on the Magdalena 
River, The crater of Cotopasi lies not only 18,000 feet higher 
than Honda, but these two points are separated by the colossal 
mountain-chain of Quito, Fasto, and Popayan, no less than bj 
numerous valleys and clefts, and they are 436 miles apart. 
The sound was certainly not propagated through the air, but 
through the earth, and at a great depth. I>uruig the violent 
earthquake of New Granada, in February, 1835, subterranean 
thunder was heard simultaneously at Popayan, Bogota, Santa 
Marta, and Caracas, (where it continued for seven hours without 
any movement of ihe ground,) in Haiti, Jamaica, and on the 
Xiake of Nicaragua, /v.-. 

These phenomena of sound when unattended by any per. 
ceptible sbocks, produce a peculiarly deep impression even oa 
persons who have lived in countries where the earth has been 
frequently exposed to shocks, A striking and unparalleled 
instance of uninterrupted subterranean noise, unaccompanied. 
by any trace of an earthquake, is the phenomenon known in 
the Mexican elevated plateaux by the name of the "^Boaripg' 



DyGoogle 



and Qte subterranean thunder" {bramidos y truem» tubler- 

raneoi) of Goanaxuato.* This ceiehratf>d and rich mountain 
«ity lies far removed from any active volcano. The noise 
b^an about midnight, on the 9th of January, 1784, and con« 
tinned for a month, I have been enabled to give a cireum- 
Stantial description of it from the report of many witnesses, 
and from the documents of the municipality, of which I was 
allowed to make use. From the 13th to the 16th of January, 
it seemed to the inhabitants as if heavy clouds lay beneath 
their feet, from which issoed alternate slowrolling BOimds and 
short quick claps of thunder. The noise abated as gradually as 
it bad begim. It was limited to a small space, and was not 
heard in a basaltic district at the distance of a few miles. 
Almost all the inhabitants in terror left the city, in which 
large masses of silver ingots were stored, but the most cou- 
lageons, and those more accustomed to subterranean thunder, 
soon returned in order to drive off the bands of robbers who 

* On the hramido» of Qusjuziuto, bgb my Eataipolü. mr la 2f(»iv. 
Btpagne, t. i. p. SOS. The gnbtcn-anean noiea, nnacMinpsnied with snj 
appreciable shock, in the deep mines and on tha aur^e (the toira of 
GnsnionatD lies tlS30 feet above the level of the sea) «as not heard in 
tiie neighboaring elevated pUios, but only in the moantainooB parts of 
the Sierra, from the Caeata de loa Agoilare^ near Horfil, to the north of 
Sont* Boea. There were mdlvidiial parts of the Siena 21-2S miles 
north-vest of Ousnaiualo, to the other side of Cluchimeqaillo, near the 
boiling spring of San iasA de Gomangillas, to which the vavea of sound 
did not extend. Kitremely stringent measures were adapted b; the 
magistrates of the Icj-ge mauatain-lowns, on the 11th of January, 178i, 
«häi ttie tenor produced by these snblenanean Ihundere was at its 
height. " The Sight of a n^th; fiimily shall be punished with a Gne 
of 1000 piastres, and that of a poor bmily with two months' imprison. 
meulL The militia lOiall bring back the fugitives." One of the most 
Temarkable points about the whole aBkit ia the opinion which the ma- 
gistrates (el cabildo) cherished of their own auperior koowledge. In 
«ne of theic prodamaa, I &nd the eipiession, " The magiefjates, in their 
wisdom, (en su sabiduria) will at once know when there ia actual danger, 
■nd will give orders for flight , for the present let processiODB be inati- 
tated." The terror eieited by Üie tremor gave rise to a Wine, ainee it 
prevented the importation of com from the table-lands, where it abounded. 
The ancients were also aware that noiaee sometimea exiated without 
earthquakes; ArisWt, MeU0T.,iL p. 802; Plin., ii. 80. The ungular 
solas that was heard Irom March, 1822, to September, 1824, in the 
Dalmatian island, Meleda, (aiiteen miles from Kagnsa,) and on which 
"^taeh has thrown much Ugbt, was occasionaUyacccmpanied by shocks 
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had attempted to posmbb themselres of the trensures oiüm 
city. Neither on the surfiice of the earlh, nor ia mines 1600 
feet in depth was the slightest shock to be perceived. No 
Bimilar noise had ever before been heard on the elevated table- 
land of Mexico, nor has this terrific phenomenon since occurred 
there. Thus clefts are opened or dosed in the interior of the 
Earth, by which waves of sound penetrate to us or are impeded 
in their propngation. 

The activity of an igneous mountain, however terrific and 
picturesque the sjjectacle m^ bo which it presents to our con- 
templation, is always limited to a veiy small space. It ia fiir 
oüierwise with earthquakes, which, although scarcely percep- 
tible to the eye, nevertheless simidtaneouäy propagate their 
waves to a distance of many thonsand miles. The great 
earthquake which destroyed the city of Lisbon, on the 1st of 
November, 1755, and whose efifects were so admirably inves- 
tigated by the distingidshed philosopher Emmanuel Kant, was 
felt in the Alps, on the coast of Sweden, in the Antilles, Anüguo, 
Barbadoes, and Martinique ; in the great Canadian Lakes, in 
Thuringia, in the flat country of Northern Germany, and in 
the smSl inland lakes on tiie shores of the Baltic* Remote 
springs were interrupted in their flow, a phenomenon attend- 
ing earthquakes which had been noticed amongst the ancients 
by Demetrius the Callatian. The hot springs of Töplitz dried 
up, and returned, inundatii^ everything around, and having 
their waters coloured wiüi iron ochre. In Cadiz, the sea rose 
to an elevation of sixty-four feet, whilst in the Antilles, where 
the tide usually rises only tronx twenty-sis te twenty-eight 
inches, it suddenly rose above twenty feet, the water being of 
an inky blackness. It has been computed that on the 1st of 
November, 1755, a portion of the Eaj'th's surface, four times 
greater than that of Europe, was simultaneously shaken. As 
yet there is no manifestation of force known te us, including 
even the murderous inventions of onr own race, by whii^ a 

* [It h&s been computed tbst tbe ebock oTUiU earthqaake pemd«d 
an srea of 700,000 miles, or the twelfth part of the circumference of 
the globe. This dreadful shock lasted only five miontea; it h»p- 
peoed about nine o'clock in the morning of the Feast of All Sünte, 
when almost the whole population was within the cbnrche«, owing to 
which circumstance no lesa than 30,000 persons perlshevl bv tho äU of 
these odifioes. Bee Ihwbeney, On Volctmoe», pp. 614-S17.}— TV. " 
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greater number of people have been killed in tlie short spfiee 
of a few minutes : sis^ thousand were destroyed in Sicily in 
' 1693, from thirty to forty thousand in tlte earthquake of Rio' 
bamba in 1 797, and probably five times as many in Asia Minor 
.and Syria, under Tiberius and Justinian the dder, about the 
years 19 and 526. . 

There are instances in which the Earth has been shakeo. fbr 
.many succeseiTe days la the chain of the Andes in South 
America, but I am only acquainted with the following cases 
in which shocks that have been felt almost every hour for 
numths tc^ther, have occurred far from any volcano, aa, fbr 
instance, on the eastern declivity of the Alpine chain of 
Mount Cenis, at FenestreUes and Pienerol, from April, 1808 ; 
between New Madrid and Little Prairie,* north of Cincinnati, 
in the United States of America, in December, 1811, as well 
as through the whole winter of 1812; and in the Pachalik of 
Aleppo, in the months of August and September, 1822. As 
the mass of the people are seldom able to rise to general 
views, and are consequeotiy always disposed to ascribe great 
phenomena to local telluric and atmospheric processes, 
wherever the shaking of the earth is continued for a long 
time, fbars of the eruption of a new Tolcano are awakened! 
In some few cases, this apprehension has certainly proved to 
be well grounded, as, for instance, in the sudden elevation of 
volcanic islands, and as we see in the elevation of the volcano 
of Jorullo, a mountain elevated 1664 feet above the ancient 
level of the neighbouring plain, on the 29th of September, 
1759, after ninety days of earthquake and subterranean 
thunder. 

If wc could obtain information regarding the daily condititm 
of all the Earth's sor&ce, we should probably discover that 
the Earth is almost always underling shocks at some point 
of its superficies, and is continual^ influenced by the reaction 
of the interior on the exterior. The frequency and general 
prevalence of a phenomenon which is probably dependent on 
tiie raised temperature of the deepest molten strata explain 

" Drike, Nat. and Statut. Vitto ^ CiTicinnati, pp. 233-2S3; 

Uitchell, in the Traneacliona of the Lit and FhUos. Soe. of Nao 
York, vol. i, pp. 281-308. In tLo Piedmonteaa county of I^gnerol, 
' gjasea of water filled to the ver; brim, ezHbited Tor hoots a « " 
noUan. 
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its indepcnacncc of the nnture of the nunuul masses in which 
it mimifests itself. Earthquakes have even heen felt in the 
loose alluvial strata of Holland, ea in the ne^hbomliood of 
Middleburg and VUeasingen, on the 23d of Febraaiy, 1828. 
Oranite and mica slate «re diaken as well as limestone and 
sandstone, or as trachyte and amygdaloid. It is not, there- 
fore, the chemical nature of the constituents, but rather the 
mechanical structure of the rocks, which modifies the propa- 
gation of Öie motion, the wave of conunotion. Where this 
wave proceeds along a coast, or at the foot and in the direction 
«f a mountain-chain, interruptions at certain points have some- 
times been remarked, which manifested themselves iluiing the 
(«urse of many centuries. The undulation advances in the 
depths below, but is never felt at the same points on the eur- 
&ce. The Peruvians* say of these unmoved upper strata that 
*' they form a bridge." As the mountain-chauis appear to 
be raised nn fissures, üie walls of the cavities may perhaps 
fiivour the direction of undulations parallel to them; occa- 
fiionally, however, the waves of conunotion intersect seveial 
chains almost perpendicularly. Thus we see them simultane- 
ously breaking through the littoral chain of Venezuela, and the 
Sierra Parime. In Asia, shocks of earthquakes have been por- 
pa^ted from I^ahore and from the foot of the Himalaya (22nd 
of JanuaiT, 1832) transveraely across the chtün of tie Hindoo 
Chou, to Badakschan, the upper Oxns, and even to Bokhara-f 
The circles of commotion unfortunately expand occasionally 
in consequence of a single and unusually violent earthquake. 
It is only since the destruction of Cumana, on the 1 4th i^ De- 
cember, 1797, that shocks on the southern coast have been felt 
in the mica slate rocks of the peninsula of Maniquarez, situated 
opposite to the chalk-hills of Üie main land. The advance from 

* la Spamsli, the; say, roeat Qoe Imcen paaUe. With this phenfr. 
jnenoE of non-propagation through superior Btrata is connected the re- 
nurkable fact that ia the begismug of this century shocks were felt in 
the deep ailTer minea s i Marienberg, in (he SÜoo? mining district, 
while not the slighfeBt trace iraa pen eptible at the enriace. The niineiB 
Mccnded in a state of alarm. Converselj the workmen in the mines of 
Falun luid Pereberg felt nothing of the shocks which in November, 1S23, 
spread diama; amongst the inhabitants aboye-groimd. 

t Sir Alet Bucnes, Travtle in Bokhara, vol L p. 18 ; and Wathen, 
Item, on the JJthet State, in the Joarmü of the Atiatic Society id 
Bcagid, toL Ui. p. 337. 
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aaaäx to nordi was very atrildng in the almost unintenupted 
nndolationB of the soil in the alluTial Tallejs of the AÜBsisaippi, 
the Av lmnaaH , and the Ohio, from 1811 to 1S13. It seemed 
here as if Bubterroneaa obstacles were giaduaUj overcome, and 
that the yra,j being once opened, the undulatory movement 
could be freely propagated. 

Although earthquakes ^pear at first sight to be simply 
djmamic phenomena of motiou, 'we yet discover, from weU 
attested fiicts, that they are not only able to elevate a whole 
district above its ancient level (as for instance, the Ulla Bund, 
after the earthquake of Cutch, in June, 1819, east of the 
Delta of the Indus, or the coast of Chili, in November, 1822), 
but we also find that various substances have been ejected 
during the earthquake, as hot water, at Catania, in 1SI8; 
hot steam at New Madrid, in the valley of the Missis- 
aijmi, in 1812 ; irrespirable gases, Mo/ttiet which injured the 
flocks grazing in the chain of the Andes ; mud, bladi smoke, 
and even flames, at Messina, in 1781, and at Cumana, on the 
14th of November, 1797. During the great earthquake of 
Lisbon, on the 1st of November, 1755, flames and columns of 
smoke were seen to rise &om a newly-tbrmed fissure in the 
rock of Alvidias, near the city. The smoke in this case 
became more dense as the subterranean noise increased in 
intensity.* At the destruction of Riobamba, in the year 
1797, when the shocks were not attended by any outbreidc of 
the neighbouring volcano, a singular mass culed the Mot/a was 
nplifted front the Earth in numerous continuous coni<^ ele- 
vations, the whole beiiw composed of carbon, crystals of 
augite, and the silicious shields of infusoria. Ihe eruption of 
carbonic acid gas from fissures in the valley of the Mi^dalene, 
during the earthquake of New Grenada, on the 16th of No- 
vember, 1827, suffocated many snakes, rats, and other animals. 
Sudden changes of weather, as the occurrence of the rainy 
season in the tropics, at an unusual period of the year, have 
sometimes succeeded violent earthquakes in Quito and Pern. 
Do gaseous fluids rise from the interior of the Earth and mi'-r 
with the atmosphere ? or are these meteorological process^ 
tiie action of atmospheric electricity disturbed by the eerth> 
quake ? In the tropical regions of America, where sometime 

* PMIm. TnataO., vol. xliz., p. iU. 
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not a drop of rain fitUs for t«n montJis togettiet, tlie natives' 
eonüder the repented Bhocks of earthqii^es, irfaicA do not 
endanger the low recd-hut«, as auepieioiis hai1>ingera of fruit- 
fUbesa and abundant rain. 

He iotimate connexion of tbe phenomena whidt we have 
considered is etill hidden in obscurity. Elastic fluidg are 
doubtlesslj the cause of the slight and perfectly hannless 
trembtinc of the Earth's sorface, which hs» often ctrntiniied 
sereial Sa.y% (as in 1816, at Scaccia, in Sicily, before tbe 
volcanic elevation of the ieland of Jtdia), aa well as of tiie' 
tenifie explosions accompanied by loud noiee. The focus of 
this destructire f^ent, the seat of the moving force, lies fiir 
below the Earth's Burface ; bnt we know as Kttle of the extent 
of this depth as we know of the chemical natare of these 
vapooTS that are so hif^hly compressed. At the edges of two 
craters, Vesuvius and the towering rock which projects bertmd 
the great abyss of Fichincha, near Qtnto, I have felt penodie 
and very regular shocks of earthquakes, on each occasion firom 
20 to 30 seconds before the burning scoriee or gases were 
erupted. TTie intensity of Üie shocks were increased ia pro- 
portion to the time intervening between them, and conse- 
quently to the length of time in whidi the vapours wero 
accumulating. This simple tact, which has been attested by 
the evidence of so many traveüers, famishes us with a general 
mlnt^on of the phenomenon, in showing that active vtdcanoes 
are to be considered as safety-valves for the immediate ne^b- 
bonrhood. The danger of earäiquakes increases whm the 
tqKnings of the volcano are closed, and deprived of fiee com- 
munication with the atmosphere ; but the destruction of Lisbmi, 
of Cantcas, of Lima, of Cashmir in 1554,* and of so many 
cities of Galal»ia, Syria, and Asia Minor, shows us, on Üie 
whc^, tiiat the force of the shock is not the greatest in the 
oei^tbonrhood of active volcanoes. 

As the impeded activity of the volcano acts ^>on Üie shocks 
of the Earth's surbce, so do the latter react on the volcanic 
phenomena. Openings i^ fissures fevour the rising of cones 
of »ruption.and the processes whidi take place in these ctmes, 
by fimning a free eommnnication with the atmosphere. A 

* Oq Uio freqaency of euthqnateB in Csslmiir, see Tfojer'i Qemuut 
tmulation of the . uicient £a<ijaiarinBini, voL >L, p. Sd7, and Cart v. 
Basel, Beuen, bd. li: ylSL 
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colmaii of emoke, which had been observed to rise for month«' 
tt^äier from the Tolcano of Pasto, in South America, mid- 
day' disappeared, **en, on the 44 of FebniBiy, 1797, the 
province of Quito, situated at a distance of 192 mUcB to the 
sonth. Buffered from the great earthquake of Riobamba. 
After the earth had continued to tremble for some time 
throughout the whole of S^a, in the Cyclades and in Eubea, 
the shocks suddenly ceased on the eruption of a strenm of hot 
nuid on the Lelantine plains near Cbalcis.* ^e intelligent 
ge<^rapheT of Amasea, to whom we are indebted for the 
notice of this circumstance, further remarks : " since tbe 
craters of Etna haTe been opened, which yield a passage to 
the escape of fire, and since barning masses and water have 
been ejected, the coimtry near the sea-shore has not been so 
mnch shaken as at the time previous to the separation of 
Sicily from Lower Italy, when all communications with tiie 
External surface were closed." 

We thus recognise in earthquakes the eiistencc of a toI- 
e&nic force, which although everywhere manifested, and as 
generally diffused as tbe internal heat of our planet, attains 
but rarely, and then only at sepamte points, sufficient intensity 
to cshibit the phenomenon of eruptions. Tbe formation of 
veins, that is to say, tbe filling up of fissures with crvstalline 
masses bursting forth from the interior (as basalt, mdaphyre, 
and greenstone), gradually disturbs tlie free intercommuni- 
cation of elastic vapours. This tension aets in three different 
ways, either in causing disruptions, or sudden and retroversed 
elevations, or, finally, as was first observed in a great part of 
Sweden, in producing changes in the relative level of the sea 
oad land, which, although continuous, ore only appreciable at 
intervals of long period. 

Before w« l^ve the important phenomena which ve have 
considered, not so much in their individual <äiaracteriatict aa 
in their general physical and geognostical relatitms, I would 
advert to the deep and peculiar impression left on the mind by 
tbe first earthijuake which we experience even where it is not 

* fitnbo, lib. i. p. 100, Caasab. Üliat tlie ezjireBrion miKtv ttaripaa 
mTap,&v does not ibmb enipted mad, bat Isvs, m obvious iitMn s posug* 
I& Sbsbo, lib. vL p. 112. Compare Walter, in his Abnataae der vulta- 
tiitehen TItätigtiil in hUtorUdten Zeiten (On tbe DeciMae of Tolcni« 
Aetivitf dnring Eiatorical Times), IHi, a. 26. 
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attended hjF any subterranean noise.* This, mpteasion ia not 
in my opinion the result of a recollection of üiose fearful 
pictures of devastation presented to our imaginations by the 

historical narratives of the past, but is rather due to the 
sodden revelation of Üie delusive nature of the inherent faith 
by which we had clung to a belief in üie immobility of the 
' solid parts of the Earth. We are accustomed from early 
childhood to draw a contrast between the mobility of water and 
tbe immobility of the soil on which we tread ; and this feeling 
is confirmed by the evidence of our senses. When, therefore, 
we BuddenW- &el the ground, move beneath us, a mysterious 
and natural force with which we are previously unacquainted 
is revealed to us as an active disturbance of stabihty. A 
moment destroys the illusion of a whole life-^iur deceptive 
fiiith in the repose of nature yauishes, and we feel transported 
as it were into a reobn of unknown destructive forces. Every 
Bound — the faintest motion in the air — arrests our attention, 
and we no louKer trust the ground on which we stand. Ani- 
mols, especially dogs and swine, participate in the same 
anxious disquietude ; and even the crocodiles of the Orinoco, 
which are at otber times as dumb as our little lizards, leave 
the trembling bed of the river and run with loud cries into 
tbe adjacent forests. 

To man the earthquake conveys an idea of some universal 
and unlimited danger. We may flee from the crater of a 
volcano in active eruption, or from the dwelling whose destruc- 
tion is threatened by Üie approach of the lava stream ; but in 
an earthquake, direct our flight whithersoever we will, we stiU 

• [Dr. Tschndi, in his intereetlng -work, Travdi in Pent, tnuulsled 
from the Grerman by Thomanna Boaa, p. 170, ISIT, dencilbcs strikiogly- 
the eSbct of an eaj-thquake upon the native and apon the atnnger. 
"No familiarity with the phenomenon can blnnt this feeling. The 
inhabitant of Lima, who from childhood has freqnenüy witnessed these 
conmlBions of nature, is routed from his sleep by the shock, and rushes 
from bis apartment with the cry of Misericordia .' The foreigner fiT)m 
the north of Europe, who knowa nothing of earthquakes but by deacrip- 
tion, waits with impatience to feel the movement of the earth, aud longs 
to hear hith hia own ear the Bubtcrranean eoundE which he has hitherto 
considered (abuIoDS. With levity he treata tha apprehension of a com- 
ing convulsion, and langhe at the fears of the natives ; but as eoon as Ms 
vuh ie gratified, he is terror-stricken, and is inrohmtarily prompted to 
seek safety in iü^t.~}—Tr. 
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feel as if we trod upon Üie very foHius of destruction. Thk 
coiidition of the mind ia not of long dnratioa, ulthough it 
-takes its origin in tlie deepest recesses of our nature ; and 
"when a series of &int shocks succeed one another, the inha< 
bitonls of the country soon lose every trace of fear. On the 
coasts of Peru, where rain and hail are unknown, no less than 
the rolling thunder and the flashing lightning, these luminous 
explosions of the atmosphere are replaced by the subterranean 
noises which accompany earthquakes.* Long habit, and the 
very prevalent opinion that düigerous shocks are only to be 
apprehended two or three times in the course of a centuiy, 
«ause &int oscillations of the soil to be regarded in Lima with 
scarcely more attention than a hail storm in the temperate 

Having thus taken a general view of the activity, the innec 
Jifb as it were, of the Earth, in respect to its internal heat, its 
electro-magnetic tension, its emonatiODs of light at the poles, 
And its iiregulaily-recnning phenomena of motion, we will 
now proceed to the consideratios of the material products, the 
chemical changes in the earth's surface, and tJie composition 
«f the atmo^here, which ore all dependent on planetary vital 
■activity. We see issue from the ground steam and gaseous 
carbonic acid, almost always tree fi:om the admixtuie of 
-nitrogen,! — carburetted hydi<^en gas, which has been used in 

'* [" Along the whole coast of Peru the ftimo^hera is almost unl* 
fonn^ in a state of repose. It is not iUnmlnateil b; the tightiiing'B 
-<liih,ordistiii4^ bytheroitiof the thunder; do deluges of rain, no fierce 
huiTicanes, destroy the fruits of the fields, and with them the bopea ot 
the huabandnuiu. But the mildneas of the elementa above ground is 
' IHi^iflillj eonnterbidsnced by their Bubterraneim fiiry. Lima ia fra. 
^nentlj visited by earthquakes, and several times the city has betSk 
nduoM to a miss of niina. At an arerage, forCy-five ehocks may be 
«ouuted on in the year. Most of them occur in tlie latter part i^ 
October, in November, Decemlier, January, Hay, aud June. Eiperienee 
^ves reason to eipeet the viütation of two desolating earthqu^es in a 
-««ütuiy. The period between the two is from forty to äity year». The 
' most con^derable catastrophes experienced in Lima ainue Europeans 
- bave vlBil«d the west coaat of South America happened in (he yean 
'leS6, 1630, 16S7, ms, 1716, 1806. There is reason to fear that in the 
«oar« of a few years this city may ba the pi«y of .another-niah liaitft- 
tion."— Taohudi, op, cit.]— TV. 
' + BisahoTs cto>preheuüve work, WänadArt de* inneren ErdJiOr- 
pert. 
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tbe Chines« profmce Sse-tsdman* fcr Kveral Üxmsand yean, 
and recently in tlie village of Fredonia in the state of New 
York, Umted States, in cooking and fbr illumiiiation, — sulpha- 
tetted hydrogen gaa and snlphuroiis vapours, — and morerarely f 
■u^jrarooB and hydrochlMio acidä.;[ Sach effusions from the 
fiflwrea of the earth not only occnr in the districts of staU 
bnrning or loi^ extii^;uiBhed volcanoes, but they may likewise 
be observed occasionally in districts where »eiüier trachyte 
BOT any other yoicanic rocka are exposed on the esrüi'i sur- 
&ce. In the chain of Quindiu I have seen snlphur deposited 
in mica elate iroin warn suIphnrouB vspour at on elevation of 
6832 feet§ above the level of the sea, whilst the same species 
of rock, which was fcomerly regarded as primitive, Cfmtaiiu, 
in the Cerro Cuello near Tiscan, south of Q,nito, an immwiw 
deposit of sulphur imbedded in pore quarts. 

Eihalatdons of carbonic acid {niofettts) are ev^i in our days ti> 
be ocHuiidered as the most impmtant oS all gaseous emanations, 
with respect to their nrnmber and the amount of their effiisiou. 
We see in Germany, in the deep valley« of the Eifel, in tiie 

* On the Artesbu fire-epriags fHo-tdn^ In (%iD», snd the ancient 
nse of portable gas ^n bamboo esnes) in Ae ehy of £hiimg-tdiei>, see 
KJftpmUi, in my AtU Centrale, ÜL ■pp. SIS-SSO. 
. t BooniagBiilt {AruuiUa de Chimit, t. liL p. ISIJ obaeired. no af^ 
Intion of hj-droeMoric acid from the volcanoes of New Granada, whila 
KodUmIU found it in euormous quantity in the erupüon of Veenrita in 

% [Of the gaieoaB compoonda of Bnlphnr, one, Enlpharoii« 104, 
14>peais to predomiUita chieSy in volcanoee p«9SeaiDg a certain degroe 
of activity; whilst the other, sulphuntted hydrageu, has beea mutt 
£«qneatl7 perceired amongst those in a domaot onditiM. The oocnr- 
jence of abundant exhalations of sulphuric acid, which have been 
hitherto noticed chieä; in extinct velcano«^ as, for iMUnce, in a 8tr«an 
i pmiing from Uiat of FuracS, between Bogota and Quite, from exiinst 
volcanoes in Java, is satiiifactorij} expMned in a recent p^>er 1^ 
^Duma^ AmuiU* d» Ckimie, Dec 1346. He shows that when sulphs- 
ilctted hydrogen, at a te^ierature above 100° Fahr., and still beUar 
-When Dear 100°, comes in eontact with certain poroaa bodies, a catijij^o 
(taction ia nt np^ by which watdcr, mli^anc acid, aod tolphur ara pn- 
tdoced. Henee probably 1^ . Vast deposits of sulphur associated with 
-snl^^lsBof lime and «tnnäui, which are met with is {lie wee^mpaita 
of aicQy.]— TV, , 1 

.'. , I I^unbt^t^ SeeiMä-/eOhKTT. ÄetrtmamKpia, t. i. p. 311 {Ki»^^ 
maa baromHriqut de la Cordilldre del Andu, No. 209). . •. 
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jMighboorlMKid of the Lake ot Laach,* ia the cmter-like 
valley of thA Wehr and in Weatem Bohemia, exhalations of 
carbonic acid gae manifest tttemgelves aa the last efibrts of 
Tolcanic actirity in or near ths foci of an eariier wca-ld. In 
tltose earlier penoda, when a higher terrestrial tempeiatm« 
existed, tmd when a, great nmnher of fiasures atill remained 
.unfilled, the proceaaes we have described acted more powe*- 
foUy, and caibonio acid and hot steam were mixed in larger 
.quantities in the atmosphere, &oni whence it follows, as 
Adolph Broi^iniiirt bos ingeniously shown.f that the primitive 
vegetable w<H.'ld mitst have exhibited almost everywhere, and 
ii^pendently of geographical position, the most liixuriou« 
abundance and the fiiUeBt development of organtsia. In these 
constantly warm and damp atioosjieric strata, saturated with 
carbonic acid, vegetation must have attained a degree of vital 
.activity, and derived the superabundance of nuüitiou necessary 
to furnish materials for the formation of the beds of l^;nite 
(cool), constituting the inexhaustible means (»1 which are based 
tiie physical power and prosperity of natitma. Such masses are 
disbilHited in basins over certain parts of Europe, occurring 
in huge quantities in the British Islands, in Belgi;uQ, in 
France, in the provinces of the Lower Rhine, and in Upper 
Silesia. At the same primitive period of universal volcanic 
activity those enormous quantities of carbon must also have 
esmped &om the earth which are contained in limestone 
lodis, and whidi, if separated frwn oxre^u and reduced to a 
scdid fbim, would coikstitute about the ei^lh part of the abso- 

■ [^A Jjak« of Laadi, In the district ot the E^fel, is an ezpuiBe of 

water tiro miles in circumlereiice. The thickness of the vegetation on 
the sides of its crater-like basin renders it difficult to diacover the nature 
of the sabjaeent rock, bnt it ia probablj composed of black celtulsr 
MgiUi! lavs. The sides of tlie crater present numerooa loose manee, 

,frliiiA ^>pear to have been ejeeted, and cmuist of glaaay feldspar, Ice- 
ipar, BOiblite, haujne, spineliuie, &nd leucite. Tlie resemblance between 
Uiese producta and the msBBes formerly ^oct«d. from Vesuvius is most 
remarkable. (Daiit>cne7, On Volcanoe», p. 81.) Dr. Hibbert regards 
tha Lska <^ Laach «s Guined in the first instuioe by a crack cuised by 
the coding oT the crust of the eaKh, which iraairidcaed afterwards intu 
a areolar cavity by the expansive force of elastic vapoora See Hidory 

,V Ae RiiitKt rokamw qf &e Baam qf Neuvied, 1832.]— TV. 

t Adolph Brongniar^ In the Annalti dt» SfMnta JftturtUei, t. xr. 
t. 226. 
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lute balk of these mounts masses.* That portion of üie car- 
bon which was not taken up by alkaline earths, but remained 
mixed with the atmosphere, as carbonic acid, was gradnalh- 
consumed by the vegetation of the earlier stages of the world, 
so that the atmosphere, aAer being purified by the processes 
of v^etable life, only retained the small quantity which it 
now possesses, and which is not injurious to the present orga- 
nization of animal life. Abundant eruptions <tf sulphurous 
vapour have occasioned the destruction of the species of 
mollusca and fish which inhabited the inland waters of the 
earlier world, and have given rise to the formation of the eon - 
torted beds of gypsum, which have doubtless been &equentb^ 
affected by shocks of earthqnakes. 

Qnseous and liquid fluids, mod, and mcJten earths, ejected 
from the craters of volcanoes, which are themselves only a 
Idnd of " intermittent ^pringi," rise from the earth under pre- 
cisely analogous physical relations.')' All these substances 
owe their temperature and their chemical character to the 
place of their origin. The mean temperature of aqueous 
spring is less than that of the air at the point whence they 
emerge, if the water .flow from a height ; but their heat in- 
creases with the depth of the strata with which they are in 
eontoct at their origin. We have already spoken of the 
numerical law regulating this increase. The blending of 
waters that have come front the height of a mountain with 
those that have sprung from the depths of the earth, render it 
difGcult to determine the position of the Jsogeotkermal UnesX 
(lines of equal internal terrestrial temperature), when this 
determination is to be mode frtim the temperature of flowing 
springs. Such at any rate is the result I have arrived at fiwm 
my own observations and those of my fellow travellers in 
I4orthem Asia. The temperature of springs, which has become 
the subject of such continuous physical investigation daring 

* Bisctor, op. oit., B. 32*, Anm. 2. 

t Hnmlroldt, AbU CetUraU, t. i. p. 43. 

'i On the thcoiy of isogeothermal (chthonisothernuü) line^ eonsal' 
tho ingemons Uboun of Kupfier, in Fogg. AntuUen, bd. iv. i. lH, Mid 
bd. luii. a. 270, in the Vogage daiu TOaral, pp. 382-39S, and in the 
Kdivbargh Journal of Sdenee, New Series, vol. ir. p. 3E5. See alio 
ESmte, Lehrh. der MeUor., bd. ii. a. 21T; and, oa the aacent of the 
fihthoidsothemial lines in monntamoas dii^cb^ Blaehof, s. ITi-198. 



D,iu-,iod.,Googlc 



217 

the last half century, depends, like the elevation of the line 
of perpetual eaow, oa very many simultaneous and deeply 
involved causes. It is a fimction of the temperature of the 
stratum in which they take their rise, of the specific beat of 
the soil, and of the quantity and temperature of the meteoric 
■water,* which is itself different from the temperature of the 
lower strata of the atmosphere, according to the different 
modes of ita origin in rain, snow, or hail-f 

Cold springs can only indicate the mean atmospheric tem- 
peiature when they ore unmixed with the waters rising from 
great depths, or descending from considerable mountain eleva- 
tions, and when they have passed through a long course at a 
depth from the siir&ce of the earth which is equfd in our lati' 
tudes to 40 or 60 feet, and, according to Boussiugault, to about 

* Leop. V. Buch in Fogg. AnnaUn, bd. xii. b. 406. 

■(■ On the temperature of the drops of rain in Cumana, which fell to 
72°, when the temperature of the air ghortlj before hiul been 86°, and 88°, 
and during the rain Bank to 74°, see my Selat. kigt., t. ii. p. 22. Tha 
lain-dropB while falling change the normal temperature they originallj 
posseBBed, which depends on the height of the clouds from which they 
fell, and their heatiiig on their upper Bur&ce hj the solar rays. The 
Rtin-dropB on their first production have a higher temperature than the 
BurroDiiding medium in the superior strata of our atmosphere, in conse- 
quence of Uie liberation of their latent heat ; and they continue to rise 
Ul temperature, since in foiling through lower and warmer strata vapour 
la precipitated on them, and they thus increase in size (Bischof, 
WärmdAre dt» inneren Erdlcerpere, s. 73) ; but this additional heat- 
ing is compensated for by erapomtioD. The coaling of the lur by rain 
putting out of the question what probably belongs to the electric pro- 
cess in storms) is effected by the drops, which are themselves of lower 
tempeiittnr«, in con«eqnanae of the cold situation in which they wera 
formed, and bring down with them a portion of the higher colder air, and 
*hichfinally, by moistening tbe ground, give rise fo evaporation. Those 
are the ordinary relations of the phenomenon. When, as occasionally 
happens, tfae rain-drops are warmer than the lower strata of the atmo» 
•phere, (Hnmboldt, Bel. Mat., t. iii. p. 613,) the cause must probably 
be sought in higher warmer currents, or in a higher temperature of 
Widely eiteoded and not very thick clouds, from the action of the Son's 
tajB. How, moreover, tha phenomenon of supplementary rainbows, 
Miich ore explained by the interference of li^t, ia connected with tha 
«riginal and increasing size of the falling drops; and how an optical 
phenomenon, if we know how to otiserve it accurately, may enlighten ui 
regarding a meteorological process, according 1« divei^^ of zone, \>Xi 
l»«ouilurini, with mach talent and iDfEeauitfitgrAngo, in the .J nnu^n 

Cw lase, p. soo. 
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wie foot in the equinoctial regions ;* these being the deptb 
ftt which the inToriiihility of the temperature begins in &e 
temperate and torrid taaes, that is to say, the depliiB at which 
honuy, diomal, and monthly dtanges of oent in the atmoephere 
cease to be perceived. 

Hot springs issue from the most various kinds of rocks ; the 
hotteRt permanent q)riiig3 that have hitherto been observed 
are, as my own researches confirm, at a distance finm all v<dr 
eanoea. I will here advert to a notice in my journal of the 
Agaas caitentes de tat Trinckeras in South America, between 
Porto Ciibello and Nueva Valencia and the Aguaa de Coman- 
gillas in the Mexican territory, near Ghianaxnato ; the former 
of these, which issued from granite, had a temperature of 194° '5 
the latter, issuing from basalt, 203°'5. The depth of the source 
from whence the water flowed with this temperature, judging 
fi:om what we know of the law of the increase of heat in the 
int^or of the earth. was probal^T140 feet, or above two mües. 
If the universally diffused tCTrestrial heat be the cause of ther- 
mal springs, as of active volcanoes, the rocks can only exert an 
influence by their diSbrent capacities for heat and t^ their 
cmductiog powers. The hottest of all pomanent fringe 
(between 203° and 209°) ars likewise in a most remarkable 

• Hie iwoftrand lnT«tig»üons of Bonseliigsult MIy convince me tliat 
In the tropicE the temperatoig of the ground, at a vbtj lljght deptt^ 
ezacUj eorresponds with the mean tempenture of the ui. The foUow- 
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F^iajui W-T 

<^Hto 69-9 

-ne doobts ahout the tenq>enture of the euth within (ha Iv^ia, of 
vMdi I am probabl; ia «onie degree ttais «ame by m; observaUaaa «a 
the Care of Caripe (Cueva del Goacharo), {Sd. hüL, t. iii. pp. 101^ 
196), are reaolved by the coBuderäUoiL tlut I compared the pnanatd 
meaa temperature of the aii of the eonvcntof Caripe, 65' &, not with 
the temperature of the air of the cave, 65°'6, but «iUi Ihe temperatun 
of the mbterranean stream, S2°'3 ; alUuugh I obaemd (Stl. huL, t. iU. 
pp. US and 191,) that moaatwn water &ün.a great haght might pr» 
hahly b« nixed with the water of Che cave. . i 
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degK* ^M pomt, aod such m htM in golntion the ntnlleit 

rntity of mineral sntatenceg. Their temperature appears <hi 
iriiole to be U«s conatant than that <^ springs between 1 2'/' 
■od 165° which in Buiopo at least have maintained in a meet 
mnarkahlc mtumer their invariabUiiy of heat and mineral cm^ 
itntt during the last fifty or sixty years — a period in whid) 
tfaennoBietrical meBsarenieiits and chemical analyses btmi 
be^ applied with increased exactness. Boussingaoh found in 
1823, that the thermal sprii^ of I«s Trincberas bod risen 12° 
dorii^ the twenty-three years that had intervened siuoe my 
traveb in 1800.* Hiis calmly-flowing spring is therefore 
now nearly 12° hotter than the intermittent fbuntains of tbe 
Oeyser and the StrcJcr, whose temperature has recently been 
most carefully determined by Krug of Nidda. A very strilt- 
Ing |voof of the origin of hot springs by the sinking of cold 
Bketeoric water into the earth, and by its contact «rith a voleanic 
Ibcna, is aSbrded by the volcano of Jorullo in Mexico, which 
^aa unknown before my American journey. When in Sep- 
tember, 1759, Jorullo was suddenly elevated into a mountain 
1183 feet above the level of the smtonnding plain, two small 
tivers, the Rio de Cuümha and Rio de San Pedro, disappeared, 
and some time afterwards burst forth agaiu, during vit^mt 
Stocks (tf an earthquake, as hot ^rings, whose temperature I 
feud in 1803 to be ISSM. 

. The springs in Greece srill evidently flow at the same places 
'tB in the times of Hellenic antiquity. The spring of Erasinoe, 
two hours' journey to the so«th of Argos, on the declivity of 
Chaon, is mentioned by Herodotus. At Delphi we still see 
Qwsotii (now H»e springs of St. Nicholas) rismg scnth of the 
Lesche, and flowing beneath the Temple of Apollo ; CastaHa, 
at the foot of Pheedriadee; Firene, neai Acro-Connth; and 
the hot baths of .^^psus, in Eulxsa, in which Sulla bathed 
anfing the Ii&thridatic war.f I advert with jdeasure to these 

* BouBunganlt, in the AnndUs dt Chitnie, t lii. p. ISl. The qtring 
cf ChandesAigueSiinAurergKe, is oal; 176°. It is slso to be obsuved, 
that whilst tlie Agnaa Calientea de las Trincheniv south of Forto 
Cabello (VeuezaeÜ), springing from granite deft in regulsr bad^ and 
&r from all Toicttnoes, hare atempentore of fully £De°-fl, all the tpnnga 
«Ueh rise in (lie vidnity of tüll active volcanoes (Pasto, Cotopaii, and 
Sangniagiia) have a. tempecnture of oulj 9T*-180°. 

■t:,CaiBotia(ÜieBpnnKof SU Nicholas) and Ckstalia, at tliePbeodria^c^ 
mentioned in Paosaniaa, z. 2i, £5, and x. 8, S ; Knm (Acn>-CQrinÜ^ 
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facta, as tfaej show us that even in a connüy subject to ire» 
quent and yiolent shocks of earthquakes the interior of onr 
planet has retained for upwards of 2000 years Its ancient con- 
figuration, in reference to the course of the open fissures that 
jield a passage to these waters. The Fontaine jatüwante of 
Iiillers, in the Department des Pas de Cakis, which was bored 
fis early as the year 1126, still rises to the same height and 
yields the same quantity of water ; and as another inatuice, I 
may mention that the admirable geographer of the Caramanian 
coast, Captain Beaufort, saw in the district of Phaselis the same 
fiame fed by emissioDS of inilammabic gas which was described 
by Pliny as the flame of the Lycian Chimera.* 

llie observation made by Arago in 1S21 that the deepest 
Artesian weUs are the warmest,! threw great light on the 
origin of thermal springs, and on the establishment of the law 
that terrestrial heat increoses with increaaii^ depth. It is a 
remarkable &ct, which has but recently been noticed, that 
at the close of the third century Si. Patricins.J probably 

In Strtibo, p. 379 ; the epring of ErasiuM at Monnt Chaon, south of 
Argos, in Herod, vi. 67, and Pausanias, iL 24, 7 ; ttie springi of ^dipsus 
in Eub<Ea, some of which have a temperature of SS°, whiirt in others it 
nngea tratweeu 144° and 167°, in Strain, pp. 60 and 447, and Athemeus, 
iL 3, 73 ; the hot springs of ThermopylEs, at Uie foot of Ölta, with a tem- 
perature of 14Ö". All from manuscript noI«a bj Profwsor Cartio* the 
learned companion of Oifried MUller. 

* Pliny, iL 106; Senei», EpUL 79, 8 S, ed. Euhtopf, {Beautbr^ 
Siervey of the <7offi»J qf Karamania, 1820, Art. Tanar near Deliktasch, 
the ancient Phaselia. p. 24). See also CtaBiaa, Fmym; cap. 10, p. 250, 
ed. Bilhr; Strabo, lib. iIt. p. 688, Caaaub. 

[" Not fax from the Deliktash, on the side of a monnbdn, is tlie per- 
petual fire described by Captain Beaufort. The trarellens found it as 
brilliant as orer, and even someirhat increased, for, beüdes the laige 
flame in the comer of the luins described by Beaufort, there were small 
jeU issuing &am crerices in the side of (he crater-like cavitj fire or six 
feet deep. At the bottom vaa a shallow pool of salphoreous and torbid 
water, regarded by the Ttirks as a soTcreign remedy for all akin com- 

' plaints. The soot deposited from the flames waa regarded as efficacious 
for sore eyelids, and rained as a dye for the eyebrows." See the highlj 

' interealing and accurate work, Traods in Lytia, by Lieut. Spratt aHl 
rrofessot E. Forbes.!— TV. 

t Ai'sgo, in the Änmiairepour 1836, p. 234. 
t Ada 3. Pairicii, p. 555, ed. Ruinart, t. ii. p. 3SG, Haioclm 
Bureau de la Malle was the Erst to draw attention to this remarkaU« 

-paaaage in the ÄecAercie» «ir la Topographie de Carüioge, 18S& 

-«. 276. <See also Senvcs, Nat. Qvaal.. iU. 24.) 
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Bishop of Perbisa, was led to adopt very correct news- 
regarding the phenomenon of the hot eprings at Carthage. 
On being asked what was the cause of boiling water bursting 
from the earth, he replied, " Fire ia nourished in the clouds 
and in the interior of the earth, as Etna and other mountains 
near Naples may teach you. The subterranean waters rise as 
if through siphoiu. The cause of hot springs is this : waters 
which are more remote from the subterranean fire are colder, 
whilst those which rise nearer the fire are heated by it, and 
bring with them to the Borface which we inhabit an insup- 
portable d^^re« of he4t." 

As earthquakes are often accompanied by eruptions of 
water and Yapours, we recc^nise in the Sähet,* or small mud- 
volcanoes, a transition from the changing phenomena presented 
by these eruptions of vapour and thermal springs, to the 
more powerful and awful activity of the streams of lava that 
flow from volcanic mountaina. If we consider these moun- 
tains as springs of molten earths producing volcanic rocks, we 
must remember that thermal waters, when impregnated with 
carbonic acid and sulphurous gases, ore continually forming 
horizontally ranged strata of limestone, (travertine), or conical 
elevations, as in Northern Africa (in Algeria) and in the Baöoa 
of Caxamarca on the western declivity of the Pernvian Cor- 
dilleras. The travertine of Van Diemen's Land (near Mobart 
Town) contains, according to Charles Darwin, remains of a 
vegetation that no longer exists. Lava and travertine, which 
are congtenüy forming before our eyes, present us with the 
two extremes of geognostic relations. 

Suites deserve more attention than they have hitherto re- 
ceived from geognosists, Heir grandeur has been overlooked, 
because of the two conditions to which they are subject, it fs 
only the more peaceful state in which they may continue for 
centuries, whit^ has generally been described ; their origin is 
however accompanied by earthquakes, subterranean thunder, 

* [True volcanoes, as ve hare seen, generate salpharetted hydrogen 
■ad mnriatic »cid, DphesTs traels of laad, uid emit streams of melted 
feldspathic materials; Soleea, on the cantiaij, disengage little else bnt 
Arbnretud hydrogen, together with hitmncn and other prodacta of the 
distillation of coal, and ponr forth no other torrent« except of mod, or 
u^llaceons materials mixed np iritli irater. Sscbeney, op. cit, 
p. «0.]— 3V. 
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the elevation of a whole district, and loft^ emimioiu of flame at 
d»nt doTBtion. When the mud toIcobo of Jokmali began to 
fonn, on the 27th of November, 1827, in the penineobi of 
Abscheron, on the Caspian sea, east of Bako, the flames fladted 
up to an estraordinai}' height for three hoora, whilst daring the 
next twenty honiB they scarcely rose three feet above the crater, 
fh>m which mud was ejected. Near the village of BaUichli, 
west of Baku, the flamte rose so high that they could be seen 
at a distance of twenty -four miles. Enormons masses of rock 
were torn np and scattered axmrnd. Similar masse« may be 
seen round the now inactive mud vidcano of Monte Zilno, 
Dear Saasnolo, in Northern Italy, lite secondary condition of 
repose has been maintained fbrnpwai-da of fifteen centuries in 
the mod volcanoes of Girgenti, tiie Mamluii, in Sicily, whidi 
have been described l^ the ancients. Hicsc salses consist of 
aumy contiguous conical hiQg. tram eight to ten, or even thirty 
feet in height, subject to variationa of elevation as well as ^ 
form. Streams of argillaceous mud, atti^ded by a periodic 
development of gas, flow from the small basins at the summits, 
ivfaich are filled with, water ; the mod, although usually cold, 
is sometimes at a high temperature, as at Damak, in the 
province of Samarang. in the island of Java. The gases that 
are developed with loud noise differ in their nature, consisting, 
for instance, of hydrogen mixed with naphtha, or of caibome 
acid, or, as Parrot and myself have shown (in the peninsola 
of Taman, imd in the Voleancitoi de Turhaco, in South 
America), of almost pure nitrogen.* 

Mud volcanoes, alter the first violent explosion of fire, 
whi<^ is not perhaps in an equal degree common to all, 
present to the spectator an image of ^e uninterrupted but 
weak activity of the interior of our planet. The communica- 
tion with the deep strata in which a high temperature prevails 
is BO<m dosed, and the coldness of the mud-emissions of die 
»alses seems to indicate that the seat of the phenomenon 

* Htmbbldt, BeL kin. L iiL p. S62-56T' Arie Cadraie, t L p. 43, 
LiL^fiOS-SlS; riieiilaOifnlta^^pL lU. B^anUng the Mo^oiuAi 
((be ijmluc MalMub, the overtiroum or imxrUd, &om the «onl Khalcäiii}, 
■ad OQ "the Earth ejecting fluid earth," see Sohnni^ ixp. 6: "idema^er 
Jlgrigeatiaus crnctat linkoms Bobuigsnee, et ut reue foatium Buffitiönt 
Avis BahininisttandiR, ita in hoc SicUin parte solo nuoquam de&dcaite, 
aterna rejectatirae temm terra evomit," 
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eAnnot be fitr remsTsd fivn Aie enrfiice äaring (heii ordioaiy 
iKHiditioii. Tbe reactum of ike interior of the Earth oa ite 
ezt^nAl snr&ce is exhibited with totally düTerent force ia true 
votcuioes or igneous nountoina, at points of the Earth ia 
wbieh ft penoanent, or at least coatinually rcnew^ connexion 
with the Toktuiic fiiroe is manifested. We must here corefidly 
<1in*iiig"'Tb between the more or leaa intenwly developed 
Tolcanic |Aenom^ — as, for inelanee, between enrthqn^es, 
themftl, aqneoua and i^aaeoos springs, mud rcJcänoes, and the 
^ipeuanoe of bell-fonaed or dome-shaped tracbytic n>ckB 
without openings ; the opening of these rocks, <* of the ele- 
vftted beds ot basalt, as cratais of ekvation ; and lastly, the 
elevation of a permanent vcdcano in the crater of eleraticm, 
or amongst the d^rie of its earlier formation. At difierent 
periods, and in di&ient degrees of acUTity and force, the 
permanent \tAxsaDWa emit «team, acids, luminous scoriffi ot, 
whßa the resistance can be overcome, narrow bond-tike stieamB 
1^ molten earths. £^tie vapoura sometimes elevate either 
8^)aiate portions of the Earth's crost into dome-sbaped un- 
opened masses of . feldspathie trachyte and d<derite (as in 
"Pav de Dome and Chimboiaao), in consequence of some great 
or local mtuu&statton of Sane in the int^or of our planet, or ' 
the upheaved strata are broken through and curved in. such a . 
manner as to form a steep rocl^ ledge on the opposite inner 
side, vriiich then eoostitiiteB the enclosure of a cruter of ele- 
vation. If this i-ooky le^e has been uplifted from the bottom 
of the sea, which is by no means always the case, it determines 
the whole physiognomy and form of the island. In this manner 
has arisen the circular form of Palma, which has been de- 
scribed with such admirable accuracy by Leopold von Budb, 
and tiiat of Nisjros,* in the .^Igean sea. Sometimes half of 
(he annular ledge has been destroyed, and in the hay formed 
by the encroachment of the sea coralKnes liave built their 
ueilular habitations. Even oa continents craters of elevation 
itre oft^i filled with water, and embeUiBh in a peculiar manner 
the chfti»cter trf Ibc landscape. Their origin is not connected. 
With any determined species of rack : they break out in 
basalt, trachyte, leucitic porphyry (somma), or in doleritic 
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mixtures of angite and laln^orite ; Dud hence Siise fbs 

different nature and external conformation of these enclosures 
of craters. No phenoniena of eruptiona are manifested in each 
Cratera, as tLey open no permanent channel of communication 
with the interior, and it is but seldom that we meet with 
traces of volcanic activity either in the neighbourhood or in the 
interior of these craters. The force which was able to produce 
eo important an action must have been long accumulating in 
the interior before it could overpower the resistance of the 
mass pressing upon it ; it sometimes, for instance, on the 
origin of new islüids, will raise granular rocks and conglome- 
rated masses {strata of tuia filled with marine plante), above 
the surihce of the sea. The compressed vapours escape through 
the crater of elevation, but a lai^ mass soon fells back and 
closes the opening which had been only fbnned by t^ese 
manifestations of force. No volcano can, therefore, be pro* 
duced.* A volcano, properly so called, exists only where a 
permanent connexion is established between the interior of 
the Earth and the atmosphere, and the reaction of the interior 
on the sui&ce then continues during long periods of time. 
It may be interrupted for centuries, as in the cose of 
Vesuviufl, Fisoye,! and then manifest itself with renewed ac- 

* Leopold von Bach, Pkyi. Sachreilnutg dor CkmaritiAan Iruela, 
S.82S; laidbia'ilemoirOberErKäningienUeretatd Vuieatie,inSoggeiiä. 
AantU., bd. IIXVÜ. a. 169. 

In hia reiosrks on the eepantUon of Sicil; &om CaUbris, Strabo gives 
sn excellent description of tbe tiro modes in vliich Isliuidä are formed : 
" Boms ialanda," he obserces (lib. vi. p. 258, ed. Caaaub.) " are (iag- 
nents of the continent, otheiB have ariEen from the sea, as even at tlie 
present time is known to happen : for the islands of tbe great ocean, 
Ijing {ax from tbe majs land, have probably been raised from its deptha, 
while on the other hand those near promontories appear (accordiög I» 
reason) to have been separated from the continent," 

t Ocre Fisove (Mons Tesuviua), In tbe Umbrian language (Laoien, 
Deutung der Eugulnn-iicken Ta/eln in Rhein. Miiseum, 1332, a. SST.) 
The Tord odire i% vet; probably genuiue Umbrian, and mean^ according 
to FestuB, imnaitavit. JSX'sa vanld be a burning and nhining mountain, 
if Voss Is correct in statjng that Xlrvti it an belleuic sound, and is 
connected with aiSm and aStvos; bnt the intelligent writer, Parthej, 
doubts this hellenic origin on etymological grounds, and also because 
^tna was by no means regarded as a Inminoos beacon for ships or 
wanderers, in the same manner as the ever-tmsiling Stromboli, (Stron- 
gyle), to which Homer seems to refer in the Odjmey (xü., es, 20% 
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tivity. tu die time of Nero, men were disposed to rank Etna 
among the Tolcuiic mountains which -wax gmdnaMy becomine 
extinct;* and Bubsequently jElianf CTen maintained that 
mariners could no longer see the sinking smnmit of the moun- 
tain from BO grent a distance at sea. Where these eridences 
— these old scaffoldings of eruption, I might ahnost say- 
still exist, the volcano rises from a crater of elevation, while a 
high rocky wall surrounds, like an amphitheatre, the isolated 
conical mount, and forms around tt a kind of casing of highly 
elevated strata. Occasionally not a trace of this enclosure is 
visible, and the volcano, which is not always conical, rises 
immediately from the neighbouring plateau in an elongated 
form, as in the cose of Piohineha.f at the foot of which lies 
the city of Quito. 

As the nature of rocks, or the mixtnie (grouping) of simple 
minerals into granite, gneiss, and mica slate, or into trachyte, 
basalt, and dolorite, is independent of existing climates, and is 
the same under the most varied latitudes of the Earth ; so also 
we find everywhere in Inoi^anic nature, that the same laws of 
configuration regulate the reciprocal superposition of tie 
Itrata of the flarth's crust, cause Üiem to penetrate one anoäter 
in the form of veins, and elevate them by the agency of 
elastic forces. This constant recurrence of the same phe- 
■nd 21Bj, and it» geographical powtion wm not so irell determined. 
I Mspect that Etna would be raond to be a Sieilum word, if we had anj 
fragmentary materiala to refer to. According to Diodorus (». 8.), tha 
Sicani, or aboriginea preceding the Sioiliana, were compelled t« fly to 
the wealem part of the island, in consequence of gucceasire empdons 
«tending over manj years. The most ancient eruption of Mount SMm 
en record ia that mentioned by Pindar and .^Bcbrlna, m occurring odder 
fii«ro, in the second year of the TSth Olympiad. It ia probable that 
Hcmod wag aware of the deTaatating eruptions of Etna before the period 
of Greek immigration; there ifi,liowcTer, some doubt regarding the word 
Alrvri in the leit of Heaiod — a subject into wliich I have entered at 
some length in another place. (Humboldt, Examen erit. de U Otoor^ 
tip. 188,) 

* Seneca, Epiet. 79. 

t SiSxa, VaT.Hiak, riii. 11. 

X [This mountain containa two funnei-ehaped eiatera, ^iparMillT 
resulting trom two seta of eruptiona ; the westem nearly circular and 
taring in its centra a cone of eruption, from the summit and Bidea of 
which are no leaa than seventy venti, some in actiri^ and othen eiUnet. 
It is probable that tha larger number of the ventt wer« ptodneed at 
periods anterior to histotj, DMbeM7,op.eit.,p. J8S.>-31' 
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UHnena is most Btrildng^y numifeBted in volcfuioes. 'Wlien 
ibß mariner, amid the islands of some distant archipdago, is 
no longer guided hy tlie light of the some stars with which 
he had been famiHiir in his native latitude, and sees liiinw ilf 
finiTOunded by palms and other forms of aa exotio vegetation, 
he still con trace reflected in the indiridual chaiaet»islic8 of 
the landscape, the forms of VesnTius, of the dome-shaped 
Bunmits of Auvergne, the craten of elevation in Üie Canaries 
and Azores, or the fissnres of eruption in Iceland. A glance 
at the satellite of our planet will impart a wider generaliE«- 
ation to this analogy of con^mntion. By meana of th» 
charts that have been drawn in accordance with the obserr- 
atiooB made with lai^ telescopes, we may recognise in the 
Hoon, where water and air are both absent, Tist craters of 
elsTation surrounding or sopporting conical moantains, thna 
aflbrdii^ incontrOTertible evidence of the e&ct4 produced b^ 
the reaction of the interior on the ssriace, &Toured by thtt 
influence of a feebler foroe of giavitatioii. 

Although TOlcanoas are justly termed in mai^ language« 
" fiie-emitting mountains," mountains (^ this lund are not 
formed by the gradual aocnmulation of ejected currents of 
lava ; but their origin aeenu rather to be a general cons»- 
quence of the sudden elevation of soft masses of trachyte or 
labradoritic angite. The amount of the elevadng force is. 
manifested by toe elevation of the volcano, which varies from, 
the inconsiderable height of a hill (as the volcano of Coaima, on» 
<rf the Japanese Knrile islands) to that of a cone above 19,000' 
feet in height. It has appeared to me that relations of height, 
hare a great influence on the occurrence of eruptions, which, 
are more frequent in low than in elevated volcanoes. I might: 
instance the series presented by the following mountains : 
Stromboii, 3318 feet; Guacamayo, in the prorince of Quixos,' 
from which detonations are heard almost daily, (I have myself 
often heard them at ChiUo, near Quito, a distance of eighty- 
eight miles;) Vesuvius, 3876 feet; Etna, 10871 feet; the 
Peak of Teneriffe, 12,175 feet; and Cotopaxi, 19,060 feet. 
If the focus of these volcanoes be at an emial depth below the 
Burfece, a greater force must be required where the fused 
masses have to be raised to an elevation six or eight timea 
greater titan that of the lower eminences. Whilst the voloana 
Btiomboti (Strong^) has been inee«entfy acdre since tha 
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Homeric ngea, and has served as a beacon-ligbt to guide the 
inariuer in the TytAaiian Sea, loftier volcanoes äive been 
characterized by lon^ interval« of quiet. Thiis we see that s 
■whole centuiy often intervenes between the cruptiona of most 
of the eoloasi which crown the eummits of the Cordilleras of 
the Andes. Where we meet with exceptiona to this law, to 
which I long since drew attention, they mnst depend upon 
the circumstance ^at the conneitions between the Toh;anio 
foci and the crater of eruption cannot be considered aS 
equally pennanent in the case of all volcanoes. The channel 
of communication may be closed for a time in the case t^the 
lower ones, so that they leas frequently come to a state of 
^nption, although they do not on tJiat account ^tpntaoh men« 
nearly to their &uil extinction. 

These relations between the absolute height and the fre- 
quency of Tolcasio emptionB, ss &r as they are externally 
perceptible, are intimately connected with the conaiderBtion' 
of the local conditions under which lava currents are erupted. 
Eruptions &om the crater arc very unusual in many monn' 
tains, generally occoiring from lateral fissures, (as was ob< 
served in the case of Etna, in the sixteenth century, by the 
celebrated historian, Bembo, when a youth,*) wherever the 
sidea of the upheaved mountain were least able, from their 
configuration and position, to ofier any resistance. Cones of 
eruption are sometimes uplifted on these fiasorea ; the larger 
ones, which are erroneou^y termed new voleattots, are ranged 
together in a line marking the direction of a fissure, which i» 
soon rcclosed, whilst the smaller ones are grouped t<^;ether, 
covering a whole district with their dome-like, or hive-Bluq>ed 
fbrms. To the latter belong the honUtes de JonUlo,^ the 

• Petri B«mbi Opuseula, (^ma THalogua,) Bssil, ISfifl, p. OSl 
" Qaicqmd in ^tnte matria utoro coalescit, nnnquam exit ei cratcre 
snperiore, quod vel ea inecoodere giavis materia nan qneat, tcI, quia 
Inferina ^ia Bpiramenla sont, non fit opag. Deepomant fl«Tnrni| nrgen, 
tibns Igtiei rivl pigro flnxn totaa deUmbentes plagas, ct In lapidem 
hidnrescimt." 

t See my drawing of the Tolcano of Jomno, of its homiiot, and of tha 
uplifted mjdpays, in my Viie» de Cordülirei, pL iliii. p 2Sil. 

[Burckhardt «tates that dniin^ the tventj-four jean tjial liave inter* 

vened since Baron Humboldt'a visit to Jornllo, the Itomitor have either 

lAolly dinppeared, er cocapletcly changed their forms. See^nAnAoft 

MKd Bti»en in Mexico in 1825 tini ie31>-3V. 

q2 
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cone of Venrrius erupted in October, 1822, that of Amlacha, 
Kocording to PoateU, and'those of the lava-field mentioDed by 
Ennan, neai the Baidar Hoimtaiiu, in the peninsula of 
Kamtscbatka. 

When Tolcanoes are not isolated in a. plain, but Bumunded, 
as in the double chain of the Andes of Quito, by n table-lnnd 
having an elevation from nine to thirteen thousand feet, this 
circumstance may probably explain the cause why no lava 
BtieamB are formed* during the most dreadüd eruption of 
^üted scoriffi accompanied by detonations heard at a distance 
(S more than a hundred miles. Such are the volcanoes of 
Fopayan, those of the elevated plateau of Los Pastoa and of 
the Andes of Quito, with the exception, pei-haps, in the case 
of the latter, of the volcano of Autisana. The height of the 
cone of cinders and the size and form of the crater are ele- 
ments of configuration which yield an especial and individual 
character to volcanoes, although the cone of cinders and the 
crater are both wholly independent of ihe dimensions of the 
mountain. Vesavins is more than three times lower than the 
Peak of Teneii£fe ; its cone of cinders rises to one-third of the 
height of the whole mountain, whilst the cone of cinders of 
the Peak is only A- of its altitude.f In a much higher vol- 
cano than that of Teaerifib, the Bncn-Pichincha, other rela^ 
tions occur which approach more nearly to that of Vesuvius, 
Amongst all the vtdcanoes that I have seen in the two hemi- 
^heres, the conical fonn of Cotopaxi is the most beautifully 
regular. A sudden fusion of the snow at its cone of cinders 
announces the proximity of the eruption. Before the smoke is 
visible in the rarefied strata of air surrounding the summit and 
the opening of the crater, the walls of the cone of cinders are 
somedmea in a state of glowing heat, when the whole moun- 
tain presents an appearance of the most fearful and portentous 

* HomboMt, Sttai mr la Qiogr. da Planta et TabUai P^. det 
Siffion» E^inoxitUa, ISOI'p. ISO, and £tsai Qiogn. titr It OUement 
da Rochet, p. 321. Most of Uis Tolcanoes in Jsva demonstrate thst the 
Muae of the perfect sbsenee of laT&-atresnis in volcanoes of incesamt 
aoUritr ia not iloae to b« songbt for in their fono, portion, and height, 
hea^. Von Bach, DtKr.phya. dei Ik» Canaries, p. ilB ; Eainwardt Mid 
TtOSaaaa, in Poggend., Annalen., bd. xÜ. a, 607. 

t [It maybe remarked ia geneTBl,a1flioiigh the rale pliable to eieep- 
(hma, that the dimeniiDna S a crater are in an inretse ratio to tha 
deration of tha taooatsln. Daabenej, op. cit, p. 444.] — Tr, 
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UackncEB. The crater, wMch, with very few exceptions, occu- 
pies the aonunit of tbe volcano, forms a deep cauldion-likc 
vaUey, which is oßen accessible, and whose bottom is aubjeot 
to constant alterations. The great ot lesser depth of the crater 
is in many volcanoes likewise a sign of the near or distant 
occurrence of an eruption. Long narrow fissures, from which 
vapours issue forth, or small roundish hollows filled with 
molten mosses, alternately open and close in the cauldron-like 
valley; the bottom rises and ainksi eminences of scoriee and 
cones of eruption are formed, rising sometimes fitr over the 
walls of the crater, and continuing for years t<^;ether to im- 
part to the volcano a pccuKar character, and then suddenly 
&11 tc^ther and disappear during a new eruption. Hie 
openings of these cones of eruption, which rise from the 
bottom of the crater, must not, as is too oftea done, be con- 
founded with the crater which encloses them. If this be in- 
accessible from extreme depth and from the perpendicular 
descent, as in the case of the volcano of Bucu-rlchlncha, 
iriiich Is 15,9S0 feet In height, the traveller may look frvm 
' the edge on the summit of the mountains which rise in the 
sulphurous atmosphere of the valley at his feet ; and I have 
never beheld a grander or more remarkable picture than ihat 
presented by this volcano. In the interval between two erup. 
tions, a crater may either present no luminous appearance, 
showing merely open fissures and ascending vapours, or the 
scarcely heated soil may be covered by eminences of aeoriee, 
that a^uit of being approached without danger, and thus pre- 
sent to the geologist the spectacle of the emptioa of burning 
and fused masses, which Ml back on the ledge of the cone of 
scorlee, and whose appearance Is regularly announced by small 
wholly local earthqtü^es. Lava sometimes streams forth from 
the open fissures and small hollows, without breaking through 
or escaping beyond the sides of the crater. 1^, however. It does 
break through, the newly-opened terrestrial stream generally 
flows In such a quiet and well-defined course, that the deep 
TaQey, which we term the crater, remains accessible even 
during periods of eruption. It Is impossible, without an ex- 
act representation of the configuration — the normal type, a« 
it were, of fire-emitting mountmns, to form a just idea of those 
phenomena, which, owing to fantastic descriptions and an 
undefined phraseolc^, have long bees comprised under the 
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head of crai«rs, eoite» of trttpHon, and volcanoes. The marg^]»! 
ledges of craters vary much less than one vould be led to 
suppose. A oomparbon of Saueeure's measurements with wf 
own, yields the remarkable result, for instance, that in the 
course of forty-nine years, (from 1773 to 1822,) the elevation 
of the north-western margin 6f Mount VesuviiK (Kotxa del 
Palo) may bo considered to have remained uacbanged.* 

Voloanoes which, like the chain of the Andes, lift their 
Bummits high above Uie boundaries of the region of perpetual 
Snow, present peculiar phenomena. The masses <£ snow by 
their sudden fusion dunng eruptions occasi<m not only the 
most fearful inundations and torrents of water in which 
smoking scoriffl are borne along on thick masses of ice, but 
they likewise exeroise a ctmstant action whilst the volcano is 
in a state of perfect repose, by infiltration into the fissures of 
the treohytic rock. Canlies which are either on the declivity 
ar at the foot Of the mouiitaia, are gradually converted into 
subterranean reservoirs of water, which commooicate by 
Qumerous narrow openings with mountain streams, as we see 
exemplified in the highlands of Quito. The fishes of these 
rivulets multiply especially in the obscurity of the hollows, 
and when the ^odü of earthquakes which precede all erup- 
tiws in the Andes have violently shaken the whole mass of 
the volcano, these subternutean caverns are suddenly opened, 
and water, fishes, and tuflhoeous mud are aU ejected together. 
It is throi^h this singular pheuomenonf that the inhafaitantB 
of the h^luand» tS Quito became acquainted with the esistence 
of the little cy<d(^c fishes, termed by them the prenadilla. 
On the night between the 19th and 20th of June, 1698, when 
(he summit of Carguairaxo, a mountain 19,720 feet in height, 
iäi in, leaving only two huge masses of rock remaining of the 
ledge of the crater, a space of iiearly thirty-two square miles 
was overflowed and devastated by streams of liquid tufla and 
«filaceous mud, (ledazaies,) containing largo quantities of 
dead fish. In like manner, the putrid fever, which raged 
iKran years pceviously in the mountain town of Ibarra, north 

* See tfae ground-vork of my measnrementt compared with those of 
Anssore and Lord Minto, in the Abhcatdlunffeit aer Akademie der 
Wies, tu Berkn,ltn: the jimn 1822 and 1833. 
' t I^d*des cjiaafOR; eae HnioboUt, Btciml dO^amvatioHt d» 
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of Quito, wns Heribed to the ejection of &äi from the toIcouo 
ot Imbabnru.* 

t "Water and mud, -which flow not from the Gtater itself, but 
from the hollows in the trachytic aaas of Üie monntain, can- 
not, etricüy speaking, be classed amongst volcanic phenomena, 
lliey are only indirectly coimected irith the volcanic activity 
of the mountain, resembling, in that respect, tiie singular me- 
tewological proceta whiph I have designated in my eai-lier 
irritinge 1^ the term of volcanic siorm. The hot stream 
vhich rises from tiie crater during the eruption, and spreads 
itself in the atmosphere, ccmdeuses into a clond, and Enrrounds 
the colnmn of fire and cinders which rises to an altitude of 
many thousand feet. The sudden condensation of tiie vopoors, 
and, as Gay Lussac has shown, the formation of a cloud of 
enormous extent, increase the electric tension. Forked 
lightning flashes from the column of cinders, and it is Üien 
easy to distingiiish (as at the close <Tf the eruption of Mount 
Vesuvius, in the latter end of October, 1822) the rollmg 
ihimder of the volcanic storm from the detonations in the in- 
terior of the mountain. The flashes of lightning that darted 
from tbe volcanic cloud of steam, as we learn from Olafeen's 
report, killed eleven horses and two men, on the eruption of 
tie volcano of Katlagia, in Iceland, on the 17th of October, 
1755. 

Having thus delineated the stmcture and dynamic activity 
of volcanoes, it now remains for us to thiow & glance at the 
tUfiercnces existing in their material prodncts. The subter- 
nm^n forces sever old combinations of matter in order to 
produce new ones, and they also continue to act upon matter 
as long as it is in a state of lique&ction tram heat, and 
capable of being displaced. The greater or less pressure 
..under which m^ely softened or wholly liquid fluids are soli- 
difled, appears to ctmstitute the main di&rence in the forma- 
tion of plutonie and volcanic rocks. The mineral mass whiah 
&)ws in narrow, elongated streams frxim a volcanic opoiisg 
(an earth-spring) is called lava. "Where many such currents 
meet and are arrested in their course, tbey expand in width, 

* [It -woali appear, ss there is no douLt that these £sh«t> proceed 
from the mouatsin itself, Üai there must be largo lB.kea in the interior, 
which ja ordiuarj Seasons are out of the immediato influence of tbe 
rolcuiic action. Bee Daabiauy, op. cit., cp. 488, 197.] — Tr. 
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fining large baniu, in iriiich üiey become MÜdified in soper- 
impoeed strata. These few sentences describe the general 
character of the products of volctuuc actiritf . 

Bocks which are merely broken through by the Tolcanie 
action are often inclosed in the igneous products. Urns, 
I have found angular fragments of feldspathic sy^te em- 
bedded in the block augitic lava of the volcano of Jorullo, in 
Mexico ; but the masses of dolomite and granular limestone, 
which contain magnificent clusters of ciysbilline fossils (vesa- 
vian and garnets, covered with mejonite, nephellne, and soda- 
lite), are not the ejected products erf Vesuvius, these belonging 
rather to very generally distributed formations, viz., strata of 
tu&, which are more ancient than the elevation of the Somma 
and of Vesuvius, and are probably the products of a deep- 
seated and concealed submarine volcanic action.* "We find 
five metals amongst the prodncts of existing volcanoes, iron, 
capper, lead, arsenic, and selenium, discovered by Stromeyer 
in the crater of Volcano.t The vapours that rise from the 
fumaroliei cause the sublimation of the chlorides of iron, 
copper, lead, and ammonium ; iron glance,t and chloride of 
sodium (the latter often in laige quantitie^ fill the cavities 
of recent lava streams and the fissures of the margin of the 
crater. 

The mineral oomposiüon of lava difiers according to the 
nature of the crystalline rock of which the volcano is formed, 
the height of the point where the eruption occurs, whether at 
tiie ibot oCthe mountain or in the neighbourhood of the crater 
and the condition of temperature of the interior. Vitreous 
volcanic formations, obsidian, pearl-stone, and puntice, are 
entirely wanting in some volcanoes, wh3at in the case of 

* Leop. Ton Baeh, in Poggend. AnnaUn, bd. iixrti. a I7fl. 

t [The little island of Volcano is sepftniled from Lipari by a narrow 
dunnel. It >pp«u« to have exhibited strong «igns of Tolcanic aetivU; 
long before the Chrittito «r», tnd still emita gueoiu eihalaliona. 
Stromejer detected the presence of aeleniuin in a mixture of sal-ami- 
moniac and ealphnr. Another product supposed to be pecaliar to tbig 
volcano is boncic add, whicb lineg ibe ddca of the cavides in besuUful 
white silky erystalB. Daubeney, op, cii, p. 257.}— Tr. 

t Eegarding the cbemicnl origin of iron glance in rolcanle niiwipli, M« 
Milatberlich, inPt^gend. Jnna/en, bd. iv.B.fl30; and OH the liberatjoa 
of hydrochloric acid in the ciater, see Oay Ltwac, in the ArmaUt dm 
Chimigue et de Fhynqu«, t xxii. p. 123. 
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aOaan, tlie^ only proceed finm the crater, or ftt any nte from 
very conaidenble heights. These important and inrolved 
relations can only be explained by very accurate crystallO' 
vraphic and chemical investigations. My feUow-traveller in 
Siberia, Gustav Kose, and subsequently Hermann Abich, 
have already been able, by their fortunate and in^nions 
researches, to throw much light on the structuial relatione oC 
the various kinds of volcanic rocks. 

Hie greater part of the ascending vapour is mere steam. 
When condensed this forms springs, as in Pantellaria,* where 
they are used by the goatherds of the island. On the morning 
of the 26th of October, 1822, a current was seen to flow 
&om a lateral fissure of the crater of Vesuvius, and was long 
supposed to have been boiling water ; it was, however, shown 
by Monticelli's accurate investigations to consist of dry ashes 
which fell like sand, and of lava pulverised by friction. The 
ashes which sometimes darken the air for hours and days 
together, and produce great injury to the vineyards and olive 
gnives, by adhering to the leaves, indicate by their columnar 
ascent, impelled bv vapours, the termination of every ^%at 
earthquake. This is the magnificent phenomenon which Pliny 
the younger, in his celebrated letter to Cornelius Tacitus, 
compares, in the case of Vesuvius, to the fonn of a loiW 
and thicldy-branched and foliaceous pine. That which is 
described as flames in the eruption of sconce, and the radionec 
of the glowing red clouds that hover over the crater,, cannot 
be ascribed to the efifeet of hydrogen gas in a state of com- 
bustion. They are rather reflectious of light which issoe 
team molten masses, projected high in the air, and also re* 
flections from the burning depths, whence the glowing vapours, 
ascend. We will not, however, attempt to decide the nature 
of the flames which are occasionally seen now, as in the time 
of Strabo, to rise from the deep sea during the activity of 
littoral volcanoes, or shortly before the elevation of a volcanic 

When the questions are Ksked, what is it that bums in the 
volcano? what excites the heat, fuses together earths and 
metals, and imparts to lava-currents of thidc layers a degree 

* [Steam ÜBues from muiy parts of tbUinsalsrinonntuii, and Mvenl 
hot springs gudi forth from it, which fbrm together a like 6000 ÜKt in 
cli«nmCN'ene& IJaubene;, op. clL}— 2V. 
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of best &iA bets for mai^yean?* it is aeeeMBtrily iin|äicd 
diat TtdcanoeB miut be competed irith the existence cJ snb- 
■tanees capable of maiittaining eoBtbaslstm, like the beds ttf 
eoal in subterranean fires. Accordii^ to tbe difieren-t phaeee 
of chemical science, bitamen, pyrit^, the moist admiitute irf 
finely pulveriBed snlpJiur and iron, pyrophoric subataoces, and 
the metals of the alkalies and earUu, have in turn been desig- 
nated OS the cause of intensely acliTe volcanic phenomena. 
Hie greet chemist. Sir Homphrey Davy, to whom we are 
indebted for tbe knowledge of Üie most cmnbnslible metallic 
ihlbstanees, has himself renoonced his bc^ chemical hjpo- 
fliesis in his last work {Cotuolalton in Travel, and loit Dagu of 
ä Philott^her^—a work which cannot foil to excite in tlie 
reader a feeling of the deepest melancholy. The great mean 
density of the earth (5*44), when compered with the specific 
freight of potassium (0-865), of fiodinm (0-972), w of the 
tnetalsof the earths (1'2). and the absence of hydrogen gas in 
the gaseous emauations from tbe fissures of craters, and from 
still warm streams of lava, besides many chemical consi- 
derations, stand in opposition with the earlier conjectnies 
of Davy and Ampere.f If hydw^en were evolved from 
erupted lava, bow great must be the quantity of the gas dis- 
en^ged, when, tbe seat of the volcanic activity being very 
low, as in tbe case of the remarkable eruption at the foot 
of the Skaptar-J(Aul in Iceland (from the 11th of June to 
the 3rd of August, 1 783, described by Mackenzie and Soe- 
mund Magnussen), a space of many square miles was covered 
by streams of lava, accnnnilated to tbe thickness of several 
hundred feet ! Similar difficulties are opposed to the assump* 
tion of tbe penetration of the atmo^hnic air into the erat»', 
or as it is figuratively expressed, the inhalation of the earth, 
when we have regard to the small quantity of nitr(^;en 
emitted. So general, deep-seated, and inr-propagated an 
acttvity as that of volcanoes, cannot assuredly have its source 
in chemical affinity, or in. tbe mere contact of individual or 

* See tite beaDtlfil ezperimenta on th« coolmg of masses of Toek, in 
KmAc^'b Wärji%tidirt, b. 384, 443, 600-512.; 

t Sea Berzelios and Wähler, in Poggend. Annalen, bd. i. s. 221, and 
bd. 11.8.146; Qaj l-aBeac, in the Annaij!* de Chimie, 1. 1. lii. p. 422; 
and BiBchofe Stasotu against Ihe Chemical Theory^ Ft>2ciMoe«,in 
tlie English ediUon of his WB,rmdikrt SB7-3De. 
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tnereljr locally distributed «ubstancea. Kodem geognosy* 
nt^er seekii äie cauae of Ulis activity in the increased t^o- 
pffi'aluie with the increase of depth at all degrees of lati- 
tude, in that powerful intenial beet which our phinet owes to 
its first 8(^di£cation, its fbimation in the regions of epace, 
and to the spherical contraction of matter revolving ellipti- 
-cally in a gaseous ctmdition. We have thus mete conjecüue 
and supposition side by nde with certain knowledge. A phi- 
loeophiiml study of nature striTes erer to elevate itself above 
the narrow requirements of mere natural description, and does 
not consist, as we have already renmrked, in the mere accu- 
jQulalitm of isolated facts. The enquiring and active spirit of 
man must he sufiered to pass from the present to the past, to 
conjecture all that caoBOt yet be known with certainty, and 
still to dwell with pleasure on the ancient myths of geognosy 
which are presented to us under so many various forms. J£ 
we consider volcanoes as irregular intermittent springs, emit- 
ting a fluid mixture of oxidised metals, alkalies, and earths, 
flowing geaiiy and calmly wherever they find a passage, or 
being upheaved by the powerfiil expansive force of vapours, 
we are involuntarily led to ijemember the get^ostic Tiaiong of 
Plato, according to which hot springs, as well as all volcaoio 
igneous streams, were en^ttions that might be traced back to 
one generally distributed aubtenanean cause, I)friphltgetAoit.\ 

* [Ob the TaiiODB thMriei that have bean adTsneed in ezpIuiaUon of 
▼olouiis Mtaon, see Daabeney On Vokanoet, a «oil to irhich ira hxn 
Bud« eontinnsl rafereno« during the preceding pages, as it coagtitnteg 
the mosC ncent and perfect compendium of all the imporboit üieta rclitt^ 
ing to thia sutgect, and is peculiarly adapted to serve aa a Bonrce of 
refeience to the CoaTrua, dnce tlie learned anther in monj inatances 
enters into a full exposition of the views advanced by Baron Humboldt 
The s^endii OMitains several valosble notes with reference to the most 
Recent T<Hb that have sppeved on the Continent, on aulgecta relating 
to vokaBoes,- unoBgri othera, an interesting notice of Profesior BiecboTe 
views "en the or^n of the carbonic odd disehsiged Mm volcanoes," 
H enoaneed in his recently pabHshed work, Z^rbuek der einmischen 
fotd phgailmiadum Oeoloffie.] — TV. 

i* According to Plato's geognoatio views, as developed in the Pkmdo, 
IVipUegelhen plays much Ü» same part in relation to the activity of 
v^canocs, that we now secrihe to the angmentaUon of heat as we descend 
tma the Earth's surface, and to the fused condition of ite interna) strate. 
Ftuedo, cd. Äst. p. 6M and eiJT; AnnoL, p, 808 and 817.) "Within 
the earth, and all around it, are larger aud smaller caverns. Tatar flam 
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Hie different volcanoes over the Earlh's sarfitee, ulten 
they are considered independentlj of rU climatic difierenccs, 
are acutely and characteristicaUy classified as central and 
linear rolcanocs. Under the first name ore comprised those 
which constitute the eential point of many active moutha ot 

there In abnndance, also macb Gre and large rtnami of fii«, and itnama 
of moiet mud (aome purer, and otheiB more filUij), like those in Sicily, 
eomigting of mud and fire, preceding the Rrs&t eruption. These itreams 
fiU all places that &11 In the «ay of ^eir coone. PyriphlegeUlon 
flows forth into an eilenuve district huming with a fierce fire. There it 
fbmu a lake larger than our sea, htnling irith Tater and mod. Prom 
thence it moves in circles round the eartli, tnrhid and muddj." This 
stream of molten earth and mud is M mach the general cause of Tot 
cuiie pheuomemi, that Plato eipresaly adds, "thos is Pyriphlegethoa 
eoDsUtuled, from which alao the streama of fire (« püamc), wherever Uiey 
leach the earth (oiri) äv rif;^ui» t^s yqc), inflate such parts (detached 
fngmenis)." Valcsnic sconie and lava-abeams are thür^>re portion! of 
F]vfplil^;ethon itself, portions of the (nbterranean molten and erer^ 
sndulaUng mass. That oi pvaas are brnMbesm^ and not, as Schneider, 
Psaow, and Schleiemacher will have it, "fire-T<Hnitiiig monntaina," ]m 
clear enough from many passages, some of which hsTs been collected by 
ükert (Oeoffr. der Oriedieit und Slhrmr, th. ii., s. 200) ; piaE is the 
Toloaniu pbenomenon in reference tn its most striking chancteristic, Uie 
ISTS stream. Hence the eipreision, the piagi^ of £Uu, .Ariirtat. 
Mirab. Auae., L iL p. 833 ; sect 38, Bekker ; Thucyd., iii. llfl ; Theo- 
phtaal. De Lap., 22, p. ^27, Schneider; Diod. t., 0, and xiv, C9, 
where are tbe remarkable worde, " Many plscel near the sea, in the 
ndghbourhood of Etna, were leTcUed to the ground, uri roüxaXoujitvaii 
fimtos i' Strabo, vi. p. 269, züi. p. 628, and where there ia a notice of 
the celebrated burning mod of the Lclantiue plains, in Eobcea, i. p. S6, 
Casaub.; and Appuin.i)e ASo Ci'vtii, v. 114. The blame which Aria- 
lotle throws on the geognostical fantasies of Che Fheedo (Meteor., ti, 
3, 10), is especially applied to the sources of the rivers Bowing over the 
earth's sarface. The diatinct sbalement of Plato, that " in Sicily enp' 
tions of wet mud precede the glowing fava) stream," is very remaraable. 
Observations on Etna could not have led to sDch a statement, anlesa 
pomlce and ashes, formed into a mad-like mass by admixture with 
melted snow and water, during the voleano-electric storm in the crater 
of eruption, «ere mistaken for ^ected mud. It ia more probable that 
Plato's streams of moist mad (uypoü irqXaü irora/ioi) originated in a 
ßunt recollection of the Solses (mud volcanoes) of Agrigeutum, wMch, 
ns 1 have already mentioned, eject argiUaceons mud with a load noiat. 
It is much to be regretted, in reference to this sut^ect, that the 
work of Theophrastus xipi ouucdc rati iv SiuXui, On Ae Vokanit 
£lream in Sieil;/, to irhlch Diog. lAerL, v. ii, r^en, has not cobm 
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«mption, distributed almort regularly in aH direciionB ; under 
tiie secoad, those lying at aome little distance from one auother, 
Ibrming, as it were, cbimneys or vents along an extended fiesure. 
Linear volcanoes again admit of further subdivieion ; namely, 
those wtich rise lilie separate conical islands from the bottom 
ot tlie sea, being generally parsllel with a chain of primitive 
mountains vchose foot they appear to indicate, and those vol- 
canic chains which are elevated on the highest ridges of these 
mountain chains, of which Öuiy form the summits.* The 
Peak of Tenerifie, for instance, is a central volcano, being the 
oential point of the Tolcanic group to which the eruption of 
Palma and Lanccrote may be referred. The long rampart- 
like chain of the Andes, which is sometimes single, and some- 
times divided into two or three parallel branches, connected 
by various transverse ridges, presents, from the south of Chili 
to the north-west coast of America, one of the grandest in- 
stances of a continental volcanic chain. The proximity of 
active volcanoes is always manifested in the chain of the 
Andes, by the appearance of certain rocks (as doleritc, mela- 
phyre, trachyte, andesite, and dioritic porphjTy), which divide 
the so-called primitive rocks, the transition slates and sand- 
stones, and the stratified formations. The constant recurrence 
of this phenomenon convinced me long since tha't these epo. 
radic rocks were the seat of volcanic phenomena, and were 
connected with volcanic eruptions. At the foot of the grand 
Tnnguragua, near Fcnipe, on the banks of the Rio Puela, I 
first digtmctly observed mica slate resting on granite, broken 
through by a volcanic rock. 

In the volcanic chain of the new continent, the separate 
volcanoes are occasionally, when near together, in mutual de- 
pendence upon one another ; and it is even seen that the 
volcanic activity for centuries together has moved on in one 

* Leopold von Buch, Pkytihal. Be»ehreO). der Canarisehtn Imetn, 
B. S26-40T. I doubt if ire cau agree yiWa the ingenioiu Chiu-lea Danrin 
(Oeoiogieal Obsematiotu on Volcanie lelandt, 1814, p. 12T] in regard- 
lug central volcanoes in general aa volcanic chains of Bmall extent on 
pwallet fieeurea. Friedrich Hoflmnn believes Ihnt in the group of the 
Llpui lalanda, which be haa so odmirablr dencribed, and is Thtch tin> 
•raption fissures intersect near Pausria, he hus found an intern mi zate 
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and the stuOe directioii, as, fbr instance, from aorOi to Baaä\ 
in the province of Quito.* The focus of tlie volcanic actÜMi 
lies below the whole of the highlands of this proTince ; tlte onl; 
channels of conununicatioik with the atmosphere are, howerer, 
those mountaios which we designate Iw special names, as the 
mountains of Pichincha, Cotopaxi, and Tungnragua, and which 
from, their groupit^, elcTstion, and fonn, constitute the grandest 
and most picturesque spectacle to be found in any volcanic 
disbict of an equtdly lunited extent. Experience shows ug 
in many instances, that the estremitiea of such groups of vol- 
canic cli^ns are connected together by snbterruiean commu- 
nications ; and tliis fiict reminds us i^ the ancient and traa 
expression made use of by Seneca, j* that the igneous mounlnia 
k only the issue of the more deeply-seated volcanic forces. la 
the Mexican highlands a mutual dependence is also observed 
Xo exist among the volcanic mountains Orizaba, Popocatepetl, 
Jorullo, and Colima ; and I hare shownj that they all lie in 
one direction between 18° 59* and 19° 12 notüi lat. ; and are 
situated in a transverse fissure running from sea to sea. The 
volcano of Jorullo broke forth on the 29th of September, 17S9, 
exactiy in this direction, and over the same transverse fissure, 
being elevated to a height of 1604 feet above the level of tha 
surrounding plain. Themonntainonlyonceemittedaneruptiaa 
of lava, in the same manner as is recorded of Momit Eponieo 

* Hamboldt, Otoffnoat. Buibach, über die Vtdlaine de» Hoddandes 
vtya Quito, in Poggcnd. Annai. der Ph^ait, bd. iliy. s. I94.,_ 

-t- Seneca, vUle be apeakis vei? cle^rlj regarding tlie problematical 
(i lnTfing of Etna, BajB in hia T9th Letter ; " Thougb this might happen, 
not because the moDntalti'B height is lonerrd, bn( beouiBe the Srea are 
ireokened and do not blaze out vitb their former vehemence ; and for 
vhich reason it ia ttiat gnch vaat clouds of «moko are not seen in the 
d^ üme. Yet neither of these seem incredible, for tbe mannten ma; 
pasEibl; be conanmed bj being Aaily devoured, and the fire not be so 
luge SB focmerly. since it is not aelf-gcnerated here, but ia kindled in the 
distant boirela of the earth, and there rages, being fed with continual fuel, 
not müi that of the mountain, through which it onl; makes its passage.' 
The soblerranean communieation, " bj gallories," between the volcanoes 
of Sicily, Lipari, Hlhecnss (Iscbia), and Tesavlna, " of the last of which 
we msj conjecture that it formerly' burned and presented a fiei? circle,' 
seema fully underatood by Strabo (lib. i. pp. 217 snd 248). He terms 
the whole district " sublgneooa" 

t Humboldt, Saiai poläiqm tur la Ifow. Etpagae, t. IL pp. I7S- 
.175. 
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in Isdüa, in die yesr 130S. Bat although JoniUo, which is 
d^ty miles from any acdyo volcano, is in the strict sense of 
fbß word a new moimtain, it must not be compared witlt 
Monte NuoTo, new Pozsuolo, which first appeared on the IQth 
of September, 1S38, and ia rather to bo claeeed amongst 
craters of elevation. I believe that I have furnished a more 
natural explanation of the eruption of the Mexican volcano, 
in comparing ita appeai:ance to the elevation of the Hill of 
Methone, now Methana, in the peninsula of Tnezen. Th» 
description given by Strabo and Pausanias of this eleraticm; 
led one of the Roman poets, taoBt celebrated for his richness 
of fancy, to develope views which agree in a remarkable 
manner with the theory of modem geognosy. " Near Trcezes 
is a tumulus, steep and devoid of trees, once a plain, now a 
mountain. The vapom^ enclosed in dark caverns in vain seek 
a passage by which they may escape. The heaving earth, 
inflated by the force of the compressed vapours, expands like 
a bladder filled with air, or like a goat-skin. The ground has 
remained thus inflated, and the high projecting eminence has 
been solidified by time into a naked rock." Thus pictn^ 
resquely, and, as analogous phenomena justify as in believing, 
thus truly has Ovid described that great naturaj phenomenon 
which occurred 282 years before our era, and consequently 
45 years before the volcanic separation of Thera (Santorino) 
and Therasia, between Trcezen and Epidaums, on the same 
spot where KuBse^er has found veins of trachyte.* 

* Ovid's deBtoiptiwi of the enipüon of Hethcue (Melam., zv. vf, 
296-B06) :— 

" Near Trcezen stands a hill, exposed in sir 
To winter winds, of leafy bWowb bare : 
This once was level grotmd ; but (strange to MIf 
Th' included vapouis, that ia cavenis dwell. 
Labouring with colic pangs, and dose oooGDed, 
In »ain sought JBHie for tie rumbling wind ; 
Yet Btill they heaved for vent, and heaving lull, 
Enlarged the concara and shoi ep the hill. 
Ah breath extends a hladder, or the Bbins 
Of goats are blown V enclose the hoarded wines; 
The moimtajn jet retains a mountain's Gko, 
-Ajid gathered rubbish heads the hollow spaee." 

Dryden't Trtrndotion. 
This lescriplion of a dome-shaped elevation on the continent is of 
great ünportsnce in a geogrtc^icai point of view, and coincides to a is- 



DyGoogle 



Santorino ü the most important of all the itlandt of^vptiim 
belongiikg to volcanic chains.* " It combines within itself the 
nurkable d«gT«e viQi Atittotle'a tie«oim( (Mdeor., U. S, 1T-1E>,) of Uie 
nphesTsl of ialonda of eruption : " The hesTing of the earth doea not 
«Me till the Tind (ävi/isc) which occaslom the ehocb has m*de iia 
■Bcape into the crust of the earth. It a not long Sigo since thia iictualljr 
happened at Heisclea in Ponta^ and a idmilar event fonaerty occurred 
it, Hiera, one of the folian IslandiL A portion of the earth nrelled 
op, and with ioud Doiee rose into the fono of a hill, tiU the mightj 
nr^ng blast (tviipa) found on outlet, and ejected apaAa and ashes 
which covered the neighbourhood of Lipari, and even extended 1« 
ioveral Italian cities" In this description, the vesicular disten^on of 
tiie earth's cruat {a stage at which many trachytic monntains have 
lemained) is very well distinguished from tLe eruption itself Strabo, 
lib. i. p. SO (Cssaub.), likcwige describes the phenomenou as it occurred 
at Metbone ; near the town, in the Bay of Hermione, there aroee s 
flaming eruption ; a fiery mountain, seven (1) stadia in height, iras then 
thrown up, which during the day was inaccesmble from its heat and sul' 

Circons stench, hut at night evolved an agreeable odour (f). and was SO 
that the sea boiled for a distance of five stadia, and naa tnrbid for 
full twenty stadia, and also was filled with detached masses of rock, 
B«garding llie present minciological ehaiactec of the peninsula of 
Methana, see Fiedler, BeUe dvrdi GrUchmtand, th. i. s. 257-2B3. 

* [I am indebted to the kindnesi of Professor E. Forbes for the 
following interesting account of the Island of Santorino, and the adja- 
cent islands of Neokaimeni and MicrokaimenL " The aspect of the bay 
is that oF a great crater filled with water, Thera and Theraaia forming Its 
■walls, and the other islands being after-productions in its centre: Wo 
Bounded with '250 tatboms of line, in the middle of the bay, between 
Therasia and the main islands, but got no bottom. Both these islands 
ippear to be similarly formed of successive strata o( volcanic atüiea, 
«blch being of the most vivid and variegated colours, present a strikipg 
contrast to the black and cindeij sspect of the central isles. Neokaj- 
meni, the last fonned island, is a great heap of obsidian and scoriio. 
So also is the greater maaa, Microkaimeni, which rises up in a conical 
form, and has a cavity or crater. On one side of ihia island, however, 
■ section is eiposed, and cliffli of fine puioiceoas ash appear stralifi^ 
in the greater idands. In the main island the volcanic strata abut 
against the limestone mass of Mount St. Elia^ in snch a way as to load 
to the inference, that thay were deposited in a sea bottom in which the 
pr«aeiit monnt^n rose as a submarine mass of rocL The people at 
Santorino assured us that subterranean noises are not nnfrequenlJy 
Iward, especially during calms and south winds, when they say the 
vater of parts of the hay becomes the colour of sulphar. My own im- 
preiGion is, that this group of islands constitutes a crater of elevation, 
of which the outer ones are the remaitis of Üie walls, whilst (he central 
group are of later origin, and consist partly of upheaved sea-bottoms, 
and partly of erupted matter, — enptM, htmyer, beneath the «irfiw« 
«f the water."]— 3V. 
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histcff^ of ^ iiltuids of eleratlon. For upwards of 2000 
years, as far aa history and tradition certify, it would appear 
as if nature were striving to fonn a roloano in the ruidst of 
the crater of elevation."* Similar insular elevations, and 
almcwt always at regular intervals of 8u or 90 years,!' have 
been manifested in the Island of St. Michael, in the Azores ; 
but in this case the bottom of the sea has not been elevated 
at exactly the same parts.^ The island which Captain Tillard 
named /Sabrina, appeared unfortunately at a time (the 30th of 
January, 1811), when the political relations of tlie maritime 
nations of Western Europe prevented that attention being 
bestowed upon the subject by scientiüc idstitutious, which 
was aAerwaids directed' to the sudden appearance (the 2nd 
July, 1831), and the speedy destruction of the igneous island 
of Ferdmondea in the Sicilian sea, between üte limestone 

* L«op. von Bach, Pkj/tik. Betdir. der Canar. Itudn, e. S5e-SG8, 
and particotarly the Freoch traoBlation of Ihia eieelleat work, p. 102 ; 
■nd hia memoir in Foggendorff's Amuüeit, bd. zxzviii. 9. 183. A sub- 
marine igland has quite recently made its appearance, iriüiin Üie erat«r 
of Santorino. In ISIO it waa still fifteen fathoms baloir the sntfiu^ tj 
the Bea, but in 1S30 it had rieen to within three or four. It rises 
■teeply, like A great cone, from the bottom of the Beo, and the con- 
tinuous actintj of the aubmarine crater ia obvious from Üie circum- 
stance that sulphurous acid vapours are mixed wiüi the sea water, in 
the eael«m bay of NeoXammeiu, in (he same manner as at Vromolimni, 
near Methana. Coppered ships lie at anchor in the bay, in order to 
get their bottoms cleaned and polished by this natural (volcanic) 
prooeaa. (Virlet, in the BvMetin de la SociiU Oiologigue de Freaux, 
%. iii. p. 109, and Fiedler, Rä»» durch OriechenkiHd, tb. ii. s. 469 
■ud 584.) 

■(- Appearance of a new ialand near SL Miguel, one of the Azoree, 
lltlx Jnne, 1638, 31st December, 1719, 13th June, ISll. 

j [Mj esteemed Wend, Dr. Webster, Professor of Chemistry and 
Hinü^ogy at Harvard College, Cambridge, MaBsacbuBetls, U. S., in 
Us Dt»enption of tht lüaad of St. Michael, <tc., Boston, 1823,givea 
an interesting account of the sadden appearance of the island named 
Btbrina, which was about a mile in circumference, and two or three 
hundred feet above the level of the ocean. After coatinoing for some 
weeks, it aaok into the sea. Dr. Webster describes the whole of 
tie Mand of St. Michael aa rolouiic, and containing a number of 
conical hills of trachyte, several of which have craters, and appear at 
•erne fbnuer time to have been the openings of volcanoes. The hot 
■prings which aboond in the island ore impregnated with sulphuretted 
l^dr^en and carbonic aeid gaset, appearing to attest the eiisteoc« of 
Tuanic acüon.] — Tr, 
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Bhores of Sciacoa and üa purely Tolcanic island of Pa». 
tdlaria* 

Hie geographical diatribation of the Tolcanoes iriii«ii haTQ 
been in a state of activity during historical tiinee, the great 
niunher of insular and littoral volcanic mountains, and the 
occasional, althouj^ ephemeral, eruptions in the bottom of 
the sea, early led to the belief that volcanic activity iras con- 
nected with the neighbourhood of the sea, and was dependent 
upon it toi its continuance. " For many hundred years," 
cays Justinian, or rather Tn^us Fompeiu«, whom he fbllovre,'!' 

* TrSvoat, in Uia SalUiin de la SoeUU GMogUpu, i. ilL p. 31 ; 
Friedrich Hof&un, Hinteriatsene Werke, lid. iL s. 461-466. 

i- "Äoeedmit viciui et perpetni SAas^ moDtis ignea el insnlumii 
jBdidmn, relaU ipifs nndis alMur iocendinm ; neque emmiüiicrdiiiare 
tot sscnlfi tutu« ignis poCniiKt^ nisi humoris nulnnientiB sleretnr." 
(JuBlJn, HüL Philipp., iv. i.) The Tolcanic theorj with vhich the 
I^jEical description of Sicily here beging is eitremely intricot«. Deep 
■trata of rolphnr and reün ; a very thin soil full of carities sod easil; 
flnarad ; rioleab motion of the vareg of tlie «m, which, as thej strike 
together, draw down the Kir {tbe wind,) for ttte maintenanee of äio fire; 
Bnch ore the elements of the theory of Trogua. Since he eeema from 
Pliny (iL 52) to liave 1>een a pbyBiognomist, we may presume th&t 
his nameroog lost works were not cräifined to history a!ono. The 
opinion that air ia forced into the interior of tiie earth, there to aot on 
the TOlcuiii> famacen, ww connected by the uioientB with the eupposed 
inflnence of winds &om different quartern on tlte iutanaity of the ine 
bnming in .£tna, Hiera, and Stromboli (see the remaAable passage 
fn Strabo, lib. vi. p. 375 and STB.) The mountain island of Strombtdi 
^iTongyle,) was regarded therefore as the dwelling-place of .£otia, 
"Um r^nlator of the winds," in conseqaenee of the Ballot« foretelüog 
Ute weather, from the actirity of the volcanic eruptions of tbta island. 
The eonnezion between the eruption of a inuül volcano with the state of 
the barometer and the direction of the wind is still generally Tseogniaed, 
(Leap, von Buch, Defer, phy». da lies Caaarit», p. 384 ; Hoffmann, in 
Foggend. Attnaitn, bd. zzvi. s. viii.) Uthough our present knowledge of 
Tolcanie phenomena, and the slight changes of utmo^heric pressure 
Mcompaiö^ cue winds, do nob enable us to afier any mtisfiu:toiT 
ezplanaUon of the &ct. Bembo, who during hia youth was brought up 
in Sicily by Greek refugeei, gave an agreeable narrative of hu 
waaderiogs, and in his ^Ina Dialogia <wTibten in the middle of the 
■iztoentli oentniy,) adTaneasthetheotjof tlie penetration of BeB-irat«rta 
the very oHitre of the volcanic action, and of the neeeedty of the 

SDiinutj of tie sea to active volcanoes. In aacending .Ätna tke 
lowing question was proposed. " Explana patios nobis quae pitimns. 
e* inceiäia nnde oriantDrenRtaqaomadoperdiizant In omni teUnre 
nu^iam mqores fiitolas aat meatoi amplitn«* mat quam iB-laoi^ q/m 
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" Etna and Üie Eolian ialanda have been buming, and haw 
could Üäa have continued bo Ioq^, if the fire had not been fed 
b}' the neighbouring sea ?" In order to e:ipliün the necesBity 
of the vicinity ot the eea, recourse has been had, even in 
modern times, to the hypothesis of the penetration of eea- 
water into the foci of volcanic agency, Üiat is to say, into 
deep-seated terrestrial strata. Wlien I collect together all 
the fiicts that may be derived from my own observation and 
the laborious researches of others, it appears to me that 
everything in this involved investieatdon depends upon the 
questions whether the great quantity of aqueous vapours, 
. which are unquestionably exhaled from volcanoes even when 
in a state of rest, be derived from sea-wafer impregnated 
with salt, or rather, perhaps, with fresh meteoric water ; or 
whether the expansive force of the vapours (which at a depth 
of nearly 94,000 feet is equal to 2800 atmospheres,) would be 
. able at different depths to counterbalance the hydrostatic 
pressure of the sea, aad thus afford them tmder certain 
conditions a free access to the fbous ;\ or whether the forma- 

vel miui viciiia emit, vel a tnari protiaoa ullanutur : mare erodit j]Iti 
bcillime pei^tque in viscera teme. Itaque cmn in aliena regns Bibi 
viam facial, reatis etiam facit ; ex quo fit, nt loca qaEeqne maritima 
nazime teme motiboB subjecta sint, ptmim mediterrsnea. Habes 
quam in salfuris Tenaa venti furenlea inciderint, uiide incendia oriantar 
.£bue tüB. Tides, qiue mare iQ.radicibiia babeat, que sulfaiva sit, 
qnra csTemoBa, qute a mati aliquando perforata ventoa admiaorii 
OEtaanteB, per qnoa idonea Sammm msteiies incenderetnr." 

* [Althoogh extinct rolcanoee aeem by no means confued to the 
uei^boarhood of the pref«nt aeas, being often »»tiered OTer the mögt 
inland portiona of onr eiisUng coatineat«, yet it vül appear that at lite 
time at irtiich l^c; were in an active atate, the greater part were in the 
neighbourhood either of the aea, or of the eilcnüvc salt or freshwater lake«, 
which eijsted at that period over ranch of what ia now dry land. This 
au^ be seen either by referring to Dr. Bout's map of Europe, or to that 
publiahod by Mr. LjelJ, in the recent edition of hia FrineijUa of Oeohgy 
(1847,) from both of which it wili become apparent, 'that at a oompw«- 
tively recent epoeh, those parts of Fiance, of Germany, of Hungary, and 
<rf Italy, which aETord eridencea of volcanic action cow extinct, were 
covered by the ocean. Daubeney, On VoUtmoa, p. 6DS,1 — TV. 

+ Compare Qsy Lnasac, Sut k» Voleaiu, in the A tinalu de Ohimie, 
t. :xni.. p. 127, uid Bischof, Wärmelehre, b. 272. The emptiona of 
■moke and Ht«am which have at di^rent periods been seen in Lanoe- 
rote, loelaud, and the Kuiile Islands, during the erupUon of the neig^. 
booring voleanoea, affbrd indications of the reaeUML of volcanio igci 
Ii2 
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tion of metallic chlorides, the presence of chlonde of sodimii 
in the fiFsures of the crater, and the frequent mixture at 
bydrochloric acid with the aqueous vapours, necessarily 
imply access of aea-watcr ; or finally, whether the repose of 
Tolcanoes (either when temporary or permanent and complete) 
depends upon the closure of the channels by which the sea or 
meteoric water was conveyed, or whether the absence of flames 
and of exhalations of hydrogen (and sulphuretted hydrogen 
gtts seems more characteristic of solfataras than of active vol- 
canoes) is not directly at variance with the hypothesis of tbe 
decomposition of great masses of water ?* 

The discussion of these important physical questions does 
not come witJiin the scope of a work of this nature ; but 
whilst wc ore considering these phenomena, we would enter 
somewhat more into the question of the geographical distri- 
bution of still actire volcanoes. We find, for instance, that 
in the new world three, viz., Jorullo, Popocatepetl, and the 
volcano of De la Frogua, ore situated at the respective dis- 
tances of 80, 132, and 136 miles from the sea-coast; whilst 
in Central Asia, as Abel E^musatj' first mode known to 
gec^osists, the Hiianschan (celestial momitains), in which 
are situated the lava-emitting mountain of Pe-schau, the 
Bol£itara of Urumtsi, and the still active igneous moun- 
tain (Ho-tseheu) of Tur&n, — ^lie at an almost equal distance 
(1480 to 1528 miles) from the shores of the Polar Sea and 
those of the Indian Ocean. Pe-schan is also fully 1360 
miles distant from the Caspian Sea4 and 172 and 218 
miles from the seas of Issilnil and Balkasch. It is a ioet 
worthy of notice, that amongst the four great parallel moon- 
tain chains which traverse the Asiatic continent from cast 
to west, the Altai, the Thianschan, the Kuen-Lun, and the 

Ihroush tense eoloinm of crater ; that is to my, the» phenomena 
«rear when the ezpsaiire fbrce of the vapour eiceeda the hjdrostaUe 

" [See Daulionej-, On Vohanee», pt iii-, oh. zuvi, mvlU. iixii.] — 

av. 

t AM Bemomt, Leiirt ä M. Coriier, in the Jnoofe* <fe Chxant, 
i T. p. 187. 

; Humboldt, Ant eentrab!, 1 ii. p. 3l)-33, S8-52, TO-SO, and 420- 
4S8. The eiistence of actira volcnuoes In K-ordoftn, I>40 miles titm 
tbe Red Sea, has been looentl; «ontndlctod b; BUppeU, Beittn m 
WiMat, 18!f9, •■ IGI. 
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Himakm it le not the latter chain, whicli is neoi^t to the 
ocean, out the two inner ranges, the ThiaDschac und the 
Kucn-luu, at the distance of 1600 and 720 miles Irom the sea, 
which have fire-emitting mountains like Etna and Vesuvius, 
and generate ammonia, like the volcano of Guatimala. Chinese 
MritcrE undoubtedly speak of lava streams when they describe 
the emissions of smoke and flame, which issuiug from Fe- 
schon devastated a space measuring ten li,* in the first and 
seventh centuries of our era. Burning masses of stone flowed, 
according to their description, " like thin melted fat." The 
facts that have been enumerated, and to which sufScient 
attention has not been bestowed, render it probable that the 
vicinity of the sea, and the penetratioD of sea-water to the 
foci of volcanoes, are not aheolutely necessary to the erup- 
tion of subterranean fire, and that littoral situations only 
fevour the eruption by forming the margin of a deep sea 
basin, which, covered by strata of water, and lying many 
thousand feet lower than the interior continent, can offer but 
an inconsiderable degree of resistance. 

The present active volcanoes, which communicate by per- 
manent craters simultaneously viUx the interior of the rärth 
and with the atmosphere, must have been formed at a subse- 
quent period, when the upper chalk strata, and all the tertiary 
formations, were ab'eady present ; this is shown to be the iact 
l^ the trachytic and basaltic eruptions which frequently form 
the walls of the crater of elevation. Melaphyres extend to 
the middle tertiary formations, but are found already in the 
Jura limestone, where they break through the variegated sand- - 
stone. j" We must not confound the earlier outpourings of 
granite, quartzoso porphyry and euphotide, from temporary 
-fissures in the old transition rocks, with the present active 
volcanic craters. 

T)ie extinction of volcanic activity is either only partial — in 
which case the subterranean fire seeks another passage of 
escape in the same mountain chain — or it is total, as ia 
Auvei^e. More recent examples are recorded in historical 

* [A It is a CUnese measnTemeot, equal to abost l-SDtli of a mite.] 
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times, of die totai extiiictioii of äie voleano of MoejKohloa,* 
OB the island eaered to Hephieetos (Viilean), whoae "iiigh 
whirling flames" were knomi to Sophocles ; and of the fiä- 
cano fff Medina, which, according to Burckhardt, still continued 
to pour out a stream of lava on the 2nd of November, 1276. 
Ereiy stage of Tolcanic activity, from its Oxet origin to its 
extinction, is characterised by peculiar products ; first by 
ignited scoriee, streams of lava consisting of trachyte, pyros- 
ene, and obsidian, and by rapilli and tu&ceous ashes, 
accompanied by the dcTclopnient of lai^ quantities of pare 
aqueous vapour ; subsequently, when the volcano becomes a 
solfetara, by aqneoua yapours mixed with sulphuretted 
hydrogen and earbonic acid gases ; and finally, when it is 
completely cooled, by exhtdations of carbtmic acid alone. 
There is a remarkable class of igneous mountains, which do 
not eject lava, but merely devastating streams of hot water,t 
impregnated widi burning sulphur and rocks reduced to a 
state of dust {as, for instance, the Galungung in Java) ; but 
whether these mountains present a normal condition, or only 
a certain transitoiy modification of the volcanic process, must 
remain undecided until they are visited by geologists possessed 
of a knowiedge of chemistry in its present condition. 

I have endeavoured in the above remarks to furnish a 

• 9opho«l., Phlloel., V. on and 972, On the mppoeed epoch of 
tha extincüoD of tjie Lenmian £re in (be time d Alexander, compare 
Battmaan, in the Jfiunim der AlierÜacmnniaienaiAafl, bd. L 1B07, 
B. SBC ; Doreau de U M&lle, in M&lte-Bnm, jjnnolw dtt Voyaga, t. ix. 
1809, p. S ; Ukert, in Bertoch, Otos/r- Sphemeridm, bd. zxiii. 181J^ 
1.361; ^ode, Sa Lemniat, 1829, p. 8; uid Walter, Ueber Älmahme 
der vidian. ThOtigkeit in AütorucAen Zeiten, 1814, a. 24. The chart 
of Lemnoa, cooatmc^d by Choiwnl, makes it «stremely probable 
that the extinct crater of MostcUos, and the Island ol Cbr/at, the 
desert habitation (^ Phikictetea, (Ot&ied MUUer, Ifimger, s. SOD,) hav« 
been long «mdloired up by the Be&. Beeb and dioils, to the northeast 
(tf Lemnoe, «till indicate the Bpot irhere the .^Igean Sea once poeseesed 
an active volcano like ^tna, vesnTios, Btromboli, and Volcano (<n the 
lipari Mes). 

t Compare Beinirardt and Hoffinann, la Fo^endorff's Annalen, 
bd. iül. B. 807; Leop. Ton Bach, 2»e*cr. dei IIa Canaria, pp. 4S4-426. 
übe eruptions of argillaceoas mad at Cai^airazo, when that volcano 
wai detiroyed in 1698, the lodacales of Igulata, uid the Mo;a of 
Fellleo— aLt on the (able-land of Quito — ate volcanJc phenomena of a 
dmilar nature. 
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jiMw l description of volcanoCB — comprimng one of tiie most 
important sections of fte history of terrestrial activity — and I 
have based my statements partly on my own obeerrvtionB, but 
more in their general bearing on the results yielded bf the 
labours of my old friend, Leopold tod Bnch, the greatest 
get^^osist of our own age, and the first who recognised the 
intimate connection of volcanic phenomena, and their mutnal 
dependence upon one another, considered with relerence to 
their relations in space. 

Volcanic action, or the reaction of the interior of a jJanet 
on its external entst and surface, was lone regarded only as 
an isolated phenomenon, and was considered solely with respect 
to the disturbing action of the subterranean force ; and it is 
only in recent times that — greatiy to the advantage of geognos- 
tical views based on physical analf^es — volcanic forces ha^ 
been regarded as forwiag new rocts, mnd Iran^rminff those 
^tat alrtady existed. We here arrive at the pomt to which I 
have already alluded, at which a well-grounded study of the 
activity of volcanoes, whether igneous or merely such as emit 
gaseous exhalations, leads us, on the one hand, to the mineral- 
(^oal branch of geognosy (the science of the testure and 
the succession of terrestrial strata), and on the other, to tho 
science of geographical forms and outlines— the configmntion 
of continents and insular groups elevated above the level of 
This extended insight into the connection of natural 



phenomena, is the result of the philosophical direction which 
has been so generally assumed by the more earnest study of 
get^osy. äcreaeed cultivation of science, and enlai^ement 



of political views, alike tend to unite elements that had long 
been divided. 

If instead of clasedfying rocks according to their varieties 
of form and superposition into stratified and imstratified, 
ediistOBB and compact, normal and abnormal, we invest%ate 
those phenomena of formation and tranaformaticm, which aiQ 
Btül going on before our eyes, we shall find that rocks admit 
of being arranged according to four modes of origin. 

Rocka of eruption, which have issued fiom the interior of 
the earth, either in a state of lusion from volcanic action, op 
in a more la less soft, viscous condition, from plutonic action. 

Sedimentart/ rock$, which have been precipitated and depo- 
i^ted on the earth's surtace &om a fluid, in whi<di the moBt 
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minute particles were eifliet dissolved or hdd in ■ _ 
constituting the greater part of the secondary (or flöts) and 
tertiary groups. 

Transformed or metamorphic rod»,* in which the internal 
texture ELud the mode of stratifcation have been changed, 
either by contaet or proximity with a plutonic or volcanic 
endogenous rock of eruption.f or vrhat is more frequently the 

* [As the doctrine of mineral metamorphism is now eicitmg Ter; 
general attention, wa eubjoin a few eiplanatoiy obscriations by the 
celebrated Swüa philosopher, Professor Studer, taken from the Edinb. 
ifeiB Philo«. Joum., Jan. 1848 : — "In its widest sense, niiieial meta- 
morphiem means eTOiy change of Bggregation, stmctnre, or chemi- 
cal condition nhich rocks have undergone BubaequenÜy to their depoü* 
tion and gtratification, or the effect« which have been produced by other 
forces than gravity aud cohesion. There tail under this definition — the 
discoloration of the surface of black limestone by the loss of carbon ; 
the formation of brownish red cruBle on rocks of limestone, sandstone, 
man; slatestones, serpentine, gnmite, &c. by the decompctntian of iron 
pyrites, or magnetic iron, finely disseminated in the mus of the rook ; 
the converaon of anhydrite into gj^peum, in ccnaeqnence of the absoip. 
üon of water ; the crumbling of many granites and porphyrios into 
glare!, occasioned by the decomposition of the mica and feUpar. In 
its more limited sense, the t«nn metamorphic is confined to those 
changei of the rock which are produced, not by the eftect of the 
atmosphere or of water on the exposed encbcca, bnt which are prodaced, 
directly or indirectly, by agencies seated in the interior of the earUL 
In many eaeea the mode of change may be explained by our phyücal 
or chemical theories, and may be viewed as ite effect ot temperature or 
of electrochemical actions. Adjoining rocks, or connecting commani- 
cations with the interior of the earüi, also distinctly point out the seat 
from which the chan^ proceeds. In many other cases the metamorphic 
process itself remains a mysteiy, and &om the nature of the producta 
alone do we conclude that such a metsmorphic action has taken place.] 
—Tr. 

t In s plan of the neighbourhood of Tezeuco, Totonilco, and Motan, 
{AUat glograpfiigue et phyaiipte, pi. vii.) which I originally (1603) 
intended for a work wbieh I never published, entitled Patigraßa Qea- 
gnostica äetitinadii at 'uso de loa Jimenea del Colegio de Mintria de 
Mexico, 1 named (in 1832) the plutonic and volcanic eruptive rocka 
tndogenout (generated in tiie interior), and llie sedimentary and fliSta 
Tocka exogetuiua (or generated eztemally on the surface of the earUi). 
Pasij^phically, the former were designated by an arrow directed ap- 
warda J , and the latter by the same symbol directed downwards i . 
These signs liavoat least some advantage over the ascending lines, which 
in the older systems represent arbitrarily and ungracefully the borJKm- 
tally ranged sedimentär; strata, and their penetration through maaaei 
of bualt, porphyry, and iyeujte. The names propoaed in the paaign- 
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oue, hy a gaseous sublimation of substanceB* which accom- 
pany certain maeseB erupted is a hot fluid couditiou. 

Confflomeralet ; coarse or finely gianular Bondstones, or 
breccias composed of mechanically divided masses of the three 
previous species- 

These four modes of formation, — by the emission of rolcanic 
masses, as narrow lava-streams ; by Uie siition of these masses 
on rocks previously hardened; by mechanical separation or 
chemical precipitabon fi-om liquids impregnated with carbonic 
acid ; and finally, by the cementation of disintegrated rocks 
of heterogeneous nature — are phenomena and formative pro- 
cesses, which must merely be regarded as a faint reflection of 
that more enei^tic activity whit^ must have chiiracterised the 
chaotic condition of the earlier world, under wholly different 
conditions of pressure, and at a higher temperature, not only 
in the whole crust of the earth, but likewise in the more 
eiiended atmosphere, overloaded with vapours. The vast 
fissures which were formerly open in the solid crust of the 
earth have since been filled up or closed by the protrusion of 
elevated mountain chains, or by the penetration of veins of 
rocks of eruption (granite, porphyry, basalt, and melaphyre); 
and whilst on a superficial area equal to that of Europe Üiere 
are now scarcely more than four volcanoes remaining, tbrough 
which fire and stones are erupted, the thinner, more fissured, 
and unstable crust of Üie earth was anciently almost every- 

phico-geognosüc plan were borrewed from Deouidollfl's nomenolatare. 
In which endogeiunu ia afnonymoiui with monocotjledonouB, and exo- 
genota with dicotyledonong, plants. Mohl'i more accarate examination 
of Testable tissues ha«, however, diown that tlw growth of monocotyle- 
dons from wllbin, and dicotj'ledons from without, is uot strict!; and 
ranerally true for vegetable organiams (Link, Blaaenla PhUoaopMcs 
Sotamr.a, t. i. 1837, p. 287; EndUcher and Unger, Orundlüs'! da- 
Botanik, 1843, a. 89; and Juanen, Traiti de Botanigue, t. i. p. 8S.) 
The rocks which I have termed endogenoai are charactcrtelicailj diitin- 
fuished by Ljel], in hig Principlet qf Oeotogy, 1888, voL iii. p. 37i, 
■a " nether-formed" or "bypogene rocka" 

■ Compare Leop. von Buch, t7e6er Dolomit alt Qehirfftart, 1823, 
a SS ; and bis remarks on the degree of fluidity to be aacrilied to plu- 
tonic rocks at Üie period of their eruption ; as welt aa on the formafioa 
of gneiffi from achiat, through the action of granite and of the subelancea 
upheaved with it ; to be found in the Äbhandl. der Alcad. der Wisten- 
4iA. £u Berlin, for the year 1842, a 58 und 68, ud in th« /oArhuAytlr 
wifwtiA^ftliche Kritik, 1810, a 19S, 
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■where corered by ohannels of canmmnicatüni. between. titB 
toEed interior and the external atmosphere- Qaeeons anana- 
tiona, Tiaing frcon veiT Tmeqnal deptlis, ukd therefore oonveying 
BubBtances difibring m their duamcal nature, imparted ^eater 
activity to Üie plutouic processea of formation and transfor' 
matioii. The sedimentary fonnaticMiB, tbe depoeita of liquid 
fluids from cold asd hot springs, which we daily see prodwniig 
the travertine strata near Home and near Hobart Tomi ia 
Van Diemen's Land, afibrd bnt a faint idea of the flotE forma' 
tion. In our seas, email banks of liatestone, almost eqnol in 
hardness at some parts to Cairara marble,* are in the conrse of 
formation, by gradual pre<3pit»tion,aociimnlation,andeepieBia- 
tion — processes whose mode of action has sot been sufficiently 
well invcHtigated. The Sicilian coast, the Island of Ascensicoi, 
and King Gec^ge's Sound in Australia, are instimces of this 
mode of formation. On the coasts of the Antillea, tbese 
fonnationa of the present ocean contain articles of pottery, 
and oüier objects of human industry, and in Ooadaloupe evea. 
bmnan skeletons of the Carib trihee.f The negroes of the 
French colonies designate these formations by the name of 
Macorme-bon-Diev.X A small oolitic bed, Ibrmed in Laik- 
cerote, one of the Canary Islanda, and which notwithstanding 
its recent formation bears a resemblaBce to Jura hmestone, 
has been rec<^nised as a product of the seawid of tempests.§ 
Composite rocks are definite associations of eertain orycto- 
gnostic, simple minerals, as feldspar, mica, solid silex, augite, 
and nepheline. Rocks, very similar to theae, conrästing of 

' ■ DwTfiji, rofawwe Itlandi, 1814, pp. ti aad 154. 

t [Inmort inatances the Imneg are disperaed, bat a largB Blab of rocfc. 
In wMcb ft eondderable portioH of the skeleton of a female is imbedded. 
Is pieserred in the British MoBenm. The preiraoo of Iheae bones b» 
been ezpltuned hj the ciicnniBtance of a tattle, uid the maaakcre of a 
tribe of Qnllibis by the Csribs, which took place near the spot in wliicli 
ihxj are found, about 120 j«ara ago; for sa the bodies of the sl^ 
were inteired on lbs Bevahore, tlieir ^eletons ma; have been Bnbeo- 
qiMntly eoiered by sand-drift, «iucfa hag since cOOBoUdated into lima- 
atone. Br. Moultrie, of the Mediad CoUege, CSiBrleBton, U.S., ia, how- 
ever, of opinion, that äiese bones did not belong to tndividu^ of Üia 
Carib trll^, but of the Pranviui race, tar of a t^be posMsdng a ennilsr 
«TBilologickl developmenL]— TV. 

t Moreau de Joun^ MigL pfu/t. da AntHl^, t. L pp. 186, lES, »td 
ns ; Homboldt, Rdaliwa HOoti^ue, L iii p. SflT. 
g Stax ttfiimk. Leop. von Buch, Oanarixhe Irtaän, a. 301. 
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die same etemenfa, but grouped cEfi^ady, u« tUSl formed 
W Tolcanic processes, as in Üie earlier periods of the world. 
lie character of iwis, as we have already remarked, is so 
mdependent of ge*^raphioal relations of space* tiiat tho 
geologist recognises with surpriBC, alike to the north or üte 
sonth of the equator, in tie remotest and most diaeimilaT 
zones, the fiimiliar aspect, and the repetition of even the 
most minute charactenstica in the periodic stiatSoation dt 
die Bilurian strata, and in the eSbcts of oontaot with augiüo- 
massee of eruption. 

We will now enter more fuUy into öie eonaideration of the 
four modes in whioh rot^ are formed — the four phases of 
their fimnatiTe processes manifeated in the stratified and 
UDBtradfied portiona of the earth's aurfiioe ; thus in the en- 
deffeiunis or ervpled rocks, designated by modem get^osists as 
oompaet and abnormal rocks, we may enamraate the foDowing 
principal groups as immediate produ<^ of t«rreBtrial activity. 

1. Örvini/Bani/syenötfof very different respectiTeagea; the 
gnmite is frequently the men« recent,! traversing the ayenite 
in veins, and being in that case the active- upheaving agent, 
"Where the granite oeours in lai^ insulated maasea of a femtly 
atched dlipsoidal form, it ia covered 1^ a crust or ahell cleft 
into blocks, instances of which are met with alike in the Hartz 
district, in Mysore, and in Lower Peru. This sea of rocks 
probably awes its or^^ to a contraction of the surfiice of the 
gwnite, owing to the great expannoa that aecompanied its 
firat upheaval. "J 

Both in Northern Asia,§ on the charming and romantic 
shores of the Lake of Kolivan, on the north-west declivity of 
the AltAi mountams, and at las lYinoherss,- on the slope of 
the littoral chain of Canicas,|| I have seen granite divided into 
ledges, owing probably to a similar contraction, although the' 

* Iieop. van Boch, op. dt. p. &. 

+ Bemlurii Cott«, Geognotie, 1889, a. SITS. 

t litop. Tou Boob, U^ier Granu mtd Oittiu, iA the Abhcaidl. der 
Bari. Äkad., for the je&r 1S42, a. BO. 

I In the proJMting nmnl miau« of giaait« of Lake Eoltvui, divided 
into nsrroir panJlel beds, Üistt we nsmeroua ciTstalB of fUdepar and 
tlbite, and a few of titasiniB, (Hi]iBb<Mt. Atie aanlraie, t. i. p. 20S ; 
Oaatav Bose, Stit itaei dan Ural, bd. i. a. fill.) 

U Bmnboldl, BekUüm liitlorique, 1. 11. p. ee. 
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diviüoDB appeared to penetrate &r into the interior. Fortha 
to the south of Lake Koliran, towards the honndarie« of the 
Chinese province Hi (between Buchtanninak and the river 
Naryin), the formation of the erupted rock in which tliere is 
no gneiss, is more remarkable than I ever obeerved in any 
ether part of the earth. The giwüte, which ia always covered 
iriib scales and characterised by tabular divisions, rises in the 
steppes, cither in small hemispherical eminences, scarcely six or 
eight feet in height, or like basalt in mounds, terminating on 
«ther side of their bases in narrow streams.* At the cataracts 
of the Orinoco, as well as in the district of the FichtelgC' 
biice (Seissen), in Galicia. and between the Pacific and the 
highlands of Mexico (on the Papagallo), I have seen granite 
in large flattened Bphericul masses, wMch could be divided, 
like luisalt, into concentric layers. In the valley of Irtysch, 
between Buchtarminak and Ustkamenogorsk, granite cover« 
transition state for a, space of four milea,'|' penetrating into it 
from above, in narrow, variously ramified, wedge-like veins.' 
I have only instanced these pecuharitieB, in order to designate 
the individual chaiocter of one of the most generally diffiised 
«rupted rocks. As granite is superposed on slate in Iberia, 
and in the Departement de FiDisterrc (Isle de Mihau) so it 
oovers the Jura limestone in the mountains of Oisons (Fer- 
monts), and syenite, and indirectly also chalk, in Saxony, 
near Weinböhla.! Near Muisinsk, in the Unliau district, 
granite is (^ a wisoub chaiacter, and here the pores, like 
the fissures and cavities of recent volcanic products, endoae 
many kinds of magnificent ciystals, eapeoally beryls and 
topazes. 

2. Quartsou porphyry is often found in the relation ot 
veins to other rocks. The base is generally a finely granu- 
lar mixture of the same elemmta which occur in the larger 

* 8«e the akeleh of Biri-twi, which I took from the sooth nde, «bera 
(he Eii^ia tents stood, and iriiich is given in Boat's Beüe, bd. L 
■. 684. On Epherea <^ gianite ecaling off concentricallj, see my 
BeUa. hilt., t. Ü. p. ar, and Euai Otoan. mtr Ita OUentenl da JiocAu, 
p. 7a. 

t Homboldt, Atit eentraU, L i. pp. SSB-SII, and the drawings in 
Boee's Reite, bd. i. i: 611, in which «e »ee the eurvatnre in the b^^* 
tf granite irhicb Loop. Ton Bnch tm pointed out u chancterist^ ' 

X This remarkahle mpeipoution was fin( de«iiibed bf Weiss in 
Ranten's Ardm/Or Berfbau und HuUemeaat, bd. xvi. 1837, b. 5. 
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embedded orystale. In graiütic porphyry tlmt u very poor 
in quartz, the feldspadiic base ia almost gnmular and lami- 
nated.* 

3. Qreenslanes. Dioritt, arc granular mixtures of white 
albite and blackish green hornblende, forming dioritic porphyry 
when the crystals tue deposited in a base of denser tissue. 
The greenstones, either pure, or enclosing lamihie of diallage 
(lis in the Fiohtelgebii^), and passing into serpentine, have 
sometimes penetrated in the form of strata, into the old 
stratified fi&aures of green argillaceous slate, but tliey more 
frequently traverse the roeks in veins, or appear as globu- 
lar masses of greenstone, similar to domes of basalt and 
ponihyry.t 

Hyperithene rock is a granular mixture of labradorite and 
hypersthene, 

' Evphoiidt and serpentine, containing sometimes crystals iii 
angite and undite, instead of diallage, are thus nearly allied 
to another more irequent, and I might almost say, more 
mergetic eruptive rock — augitic porphyry.J 

Melaphyrt, augitic, urolitic, and oligoklastio porphyries. To 
the Inst named species belongs Üie genuine vm'd-antique, so 
celebrated in the arts. 

ßasall, containing olivine and constituents which gelatinise 
in acids; phonolithe (porphyritic slate), trachyte, and dolerite; 
the first of these rocks ia only partially, and the second always, 
divided into thin lamin», which give them an appearance of 
stratification, when extended over a lai^e space. Mesotype 
and nepheline constitute, according to Girard, on important 
port in the composition and internal texture of basalt. The 
nepheline contained in basalt, reminds the geognosist both of 
the miascite of the Ilmcn mountains in the Uml,§ which has 

* Da(i4na:r et EUe de Besamonl, Otciogit de la France, i. i. p. 130. 

"h These iaterralated beds of diorite pisy an imporbiDt psrt ia Uta 
noimtaJQ district of Nallan, near Stefa«i), where I iras engsged in 
miniag opeiations in the lsa( cental?, and irith which the hsppieet esbo- 
cUtioDB of my earl; life are connected. Compsre HoCTnunm, in Poggco- 
dorff's Ännaieii, bd. ivi. s. 6S!f. 

X la the «oalheni and Baahkiilsn portion of Uie Ural. Bone, Bdte, 
M. ii. a. m. 

£.0. Boee, Rtix nocA dan Ural, bd. iL s. 47-62. Respecting the 
identity of eleolite and nepheline (the latter containing rather the mare 
lime), K« Scheerer, In Poggend. AaMoh». bd. xllx. s. SSS-SSl. 
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been confounded with granite, and somefimea contains nr- 
conium, and of the pyroxenic nepheline dieooTered by Qum- 
precht near Lobau and Chemnitz. 

' To the Beeond or sedimentary rocks, belong the greater 
part of the fbrmationa which have been compmed under Ifae 
eld systematic, but not very correct, deiignatioa of traruiiiim, 
ßöti or ueondary, and tertiary fomuition». If the erupted 
rocks had not exercised an elevating, and owing to the sinitfl' 
tttneoue shock of llie earth, a disturbing infin^ice on these 
sedimentary fbrmattons, Üie sur&ce of our planet would have 
consisted of strata, arranged in a umibimly horizontal direc- 
tion above one another. Deprived of mountain chains, on 
whose declivities the gradations of vegetable forms, and the 
scale of the tUmiiiiahmg beat of the atmosphere appear to be 
picturesquely reflected — fiirrowed only here and there by 
valleys of erosion, formed by the force of fresh water moving 
on in gentle undulations, or by the accumulation of detritus, 
lesulting from the action of currents of water — continents 
would have presented no other appearance from pole to pole 
than the dreaiy uniibrmityof the Uanos of South America, or 
the steppes of Northem Asia. The vault of heaven would 
eve^where have appeared to rest on vast plains, and tbe stars 
to Toa as if tliey emerged frcnn the depüis of ocean. Such 
a condition of tJungs coidd not however have generally pro- 
vailed for any length of time, in the earlier periods of the 
world, since enbterraoean forces must have striven in all 
qiochs, to exert a counteracting influence. 

Sedimentary strata have been either precipitated or de- 
posited from liquids, according as the materials entering into 
their compoBiti<Mi are supposed, whether as limestone or argil- 
laceons slate, to be either chemically dissolved, or sufmended 
and commingled. But earths when dissolved in fluids im- 
pr^nated with carboidc acid, must be regarded as imder- 
going a mechanical process, whilst they are being precipi- 
tated, deposited, and accumulated into strata. This view 
is of some importance with respect to the envelopment «f 
organic bodies in petrifying calcareous beds. The most 
ancient sediments of the transition and secondary formaticxis 
have probably been formed from water at a more or less hi^ 
temperature, and at a time when the heat of the upper Gui- 
fiute pf the earäi was etill very considerable. Considered in 
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this point of view, a plmtonic action «eenui to a certain extent 
also to have taken place in the sedimentary strata, especially 
1^ more ancient; but these strata appear to have been 
hardened into a Bchistoae structure, and under great preibare, 
and not to have beoi solidified by cooling, like the rocks that 
have issued from the interior, as for instonee granite, porphyry, 
and basalt. By degrees, as the waters lost their temperature, 
and were able to absorb a copious supply of the carbonic acid 
gas irith which the atmosphere was overcharged, they become 
fitted to hold in eolution a lai^er quantity of lime. 

The sedimerUary strata, setting aside all other exc^;enoiUS, 
purely mechanical deposits of sand or detritus, aie as follows :— 

Sckitl, t^ the lower and upper transition rock, composing 
the silmdan and deTOaiaafbrinationB; ttoxa the lower gilnriaii 
steata, which were onee termed cambrian, to the upper strata 
of the old red sandstone or devtMiian formation, immediately 
in contact with the mountun limestime. 

Carbomjiirotu d^oiits .*— 

LmettoHti imbedd»! In the tzaimition and carboniferons 
formations ; aechatein, muschelkslk. Jtuu formation and chalk, 
also that portiim of the tertiary ibrmation which is not in- 
clnded in sandstone end conglomerate. 

Travertine, &eBh'Water limestone, and sUiceons concretions 
of hot springs, formations which have not been produced under 
tdie [Keesure of a large body of sea water, but almost in im- 
mediate contact with the abnosphere, us in shallow marshes 
and streams. 

Inßiaoriai depomk : geoenostical phenomena, whose great 
importance in proving Ae mfluence of oi^janic activity in the 
foimation of the solid part of the earth's crust, was first dis- 
covered at a recent period, by my highly gifted Mend and 
foUow traveller, Ehrenberg. 

If, in this short and superficial view of the mineral con- 
siituente of the earth's crust, I do not place immediately after 
the simple sedimentary rocks, the conglomeratca and sand- 
stone formations which have also been deposited as sedimentary 
strata from liquids, and which have been embedded alternately 
with schist and limestone, it is only because they contain 
together with lie detritus of eruptive and sedimentary rocks, 
also the detritus of gneiss, mica slate, and other metamorphio 
masses. The obscure process of this utetenKophifim, and die 
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action it prodncei, miut therefore «Mnpooe die third clau 'bt 
the fundamental forms of rook. 

Endogenous or erupted rocks (graiute, ^rphyry, and mela- 
phvre,) produce, as I have already firequently remarked, not 
only dynamical, shaking, upheaving actions, either verticully 
or laterally diaplacmg the strata, but they also occasion 
changes in their chemical composition, as well as in the natura 
of th^ internal stmcture. New rocks being thus formed, 
as gneiss, mica slate, and granular limestone (Carrara and Pa* 
rian marble.) Ilie old silurian or devonian transition schists, 
the belemnitic limestone of Tarantaise, and the dull grey 
calcareous ' sandstone {Macu/tto) which contains alg» found 
in the northern Apennines, often assume a new and more 
brilliant appearance after their metamorphosia, which renders 
it difficult to recognise them. The theoir of metamorphism 
was not established until the individual phases of the change 
were followed step by step, and direct chemical experiments 
on the difibrcnce in the fusion point, in the pressure and time 
of cooling, were broi^ht in aid of mere inductive conclusionB. 
Where the study of chemical combinations is regulated hy 
leading ideas,* it may be the means of throwing a clear hgM 
on the wide field of geognosy, and over the vast laboratory of 
nature in which rocks arc continually being formed and 
modified by the agency of subterranean fbrces. The philo- 
sophical enquirer will escape the deception of apparent 
analogies, and the danger of being led astray by a narrow 
view of natural phenomena, if he constantly hear in view the 
complicated conditions which may, by the intensity of their 
force, have modified the counteracting effect of those indi> 
vidual substances, whose nature is better known to us. Simple 
bodies have, no doubt, at all periods, obeyed the same laws of 
atbnction, and wherever apparent contradictions present them- 
selvee, I am confident that chemistry will in most cases be 
able to trace the cause to some corresponding error in the 
experiment. 

* Sea the admirabls reeesrchea of Mitocherilch, in the ÄbhamO. der 
Bai. Älcad. for the ;eua 1S22 uid 1823, s. 2G-1I ; ftnd in Poggend. 
Atuutien, bd. i. a. 13T-152, bd. xi. b. 323-332, bd. xli. s. 213-21S. 
(QnatftY Kosa, Utber Bildung da KdUcapaUa und Aragonüi, In fog- 
gend. j4nna^n., bd. lUi. &.8E3-36S; Haidinger, in the JVoMadKmaq^ 
14« Jlot/ai SocUty <^ Bdinbutgh, 1627, p. 146.) 
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Obsetrations made with extreme accuracy over large traäU 
of land, show that erupted rocks have not been produced in 
am irregular and unsystematic maimer. In ptuls of the globe 
moat remote from one another, we oflen find that granite, 
basalt, and diorite haye exercised a regular and uniform meta- 
morphic action, even m the minutest details, on the strata 
of ai^gilloceous slate, dense limestone, and the grains of quartz 
in sandstones, Ae the eame endogenous rock manifests almost 
eveiywhere the some degree of activity, so, on the controrj). 
difi^rent rocks belonging to the same class, whether to the 
endogenouB or the erupted, exhibit great di£ferenc«p in thcii- 
diaracter. Intense heat has undoubtedly influenced all tiiesc 
jdienomeua, but the d^ree of fluidity (the moi-e or less 
perfect mobility of the particles — their more viscous com- 

Sition,) has \-aried very considerably from the granite to 
basalt; whilst at difierent geological periods (or meto- 
morpbic [diasea of the earth's crust,) o£cr substances dissolved 
in Tapours, have issued from the interior of the earth, simul- 
taneously with the eruption of granite, basalt, gi-censtone- 
porphyry, and serpentine. This seems a fitting place again 
to ^^w attention to the fact, that, according to the admii-able 
views of modem geognosy, the metumorphism of rocks is not 
a mere phenomenon of contact, limited to the effect produced 
by the apposition of two rocks, since it comprehends all tho 
generic phenomena that have accompanied the appearance of 
n particular erupted mass. Even where there is no imme- 
dmte contact, the proximity of such a mass gives rise to 
modifications of solidification, cohesion, granulation, and 
CiystnUization. 

All eruptive rocks penetrate, us ramii^ing veins, either 
into the seidimentory strata, or into other equ^y endogenous 
masses ; but there is a special impoiiance to be attached to the 
difierence manifested between plutonie rocks,* (granite, por- 
phjry, and serpentine,) and those termed voleamc in tho 
Btnct sense of Üie word (as trachyte, basalt, and lava). The 
locks produced by the activity of our preeeut volcanoes, 
appear as band-like streams, but by the ccmfluenoe of several 
Of them, they mav form an extended basin. Wborever it has 
been possible to trace basaltic cruptions, they have generally 

* pjjtü, PHmc^le* <if Oeohgv, vd. lU. pp. SS3 «nd SE9.]-7V. 
S 
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^leea finnd te temiiiiKte in jdender thrmds. Essmifln <rf 
these norrov opening« may be found in thrae phwea in Oer- 
many, in the " Pfiasler~kauia" at Marksuhl, eight milee fiom 

. £ij9eimch ; in die bhie " Kvppe" near £acfaw^e, <m the bai^ 
of tiie Werm, and in the Dniidit»! stoqe on Uie HoUert roaS, 
(Si^;en,) where the basalt has broken thran^ the Tttriegtited 
sandetcMie, and greywacke slate, and has spread itself into 

. cup-like fongoid enlBT^ements, iriiich are either gnmped 
together, like rows of colnmns, or are aometiineB stratified 
in thin lamiiue. The caae is otherwise -with granite, syenite, 
quartzqse porphyry, serpentine, and the whole series of na.- 
stratified compact rodis, to which, from a predilection, ibr a 
mythol<^ca1 noroenclatiüe, the term plutoniohas hees opplied. 

. üieae, with the exception of occasional Teins, were pnÄably 
not erupted in a state of iusian, but merely in a softeoied Koa- 
dition, not from narrow fissores, bnt frmn hms and wide^^ 
extending gorges. They hare been protruded, but have not 
^owed fiHth, and are foond. not in streams luce hns, but ia 
extended masses.* Some groups of dcderite and trachyte 
indicate a certain. degree of barältio fluidity; eithers, which 
have been expanded into vast craterleas domes, appear to 
have been only in a softened condition at the time of their 
eleratioQ. Other trachytes, like those of the Andes, in which 
I have frequentlr perceiTcd a striking analogy with the green- 
stones and ayembc porphyries (which are atgentiferoua, and 
without quartz), are deposited in the some manner as granite 
and quartzose porphyry. 

■ The desoipüon here given of the relations of portion nnder whiidi 
gnmite occuis, eipisescs the general or leading cbancttr of the whole 
formalJon, Bnt its aapeet &t some places leads to the belief, that it 
iras occnslonafly more fluid at IJie period of its eruption. Tlio de- 
scription given by Rose, in his Reise nach dem Unü, bd. J. s, 699, of 
put of the Msi^in ebmln near the frontiers of tbe Chinese Mrritoriee; as 
well BS the evidenoe afforded bj trachyte, as described by Dufrtnoy and 
Blie do Besiimont, in their Daoriptioa giologiqtu de la JVanee, t. L 
f. 70. Having already Epoten in the leit of the narrow apertures 
through which the basalts hare sometimes been cffiised, I will hers 
notice the large Gssnres, which have acted as conducting passages ft)r 
melsphyros, wbich must not be confounded with btUBlts. See MDnM- 
■son's interesting acconnt (M« Äüimow Ätnfcm, p. 126) of » fissure iSO 
feet wide, throngb which melaphyre has been ejected, at (he eoal-mina 
at Cornbrook, Hoar Edge. 
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"BspenxDßttbi rai Ute chlu^eB '^tnch tbe ifixture Btad 
loheinical ^onstitotion of rocks experience from the actioii of 
heat, have shown tlmt voloanio maeseH,* (diorite, ao^Hio 
porphyry, basalt, and the la^a of Etna) yield difibrent pro- 
-^ucts, ee«ordiiig to tie düEerence of the preisiire under whiah 
they have been fiued, and the length of time occupied during 
their cooling ; thus, wherethe cooling 'was rapid, they form 
'a hlaoh glass, bftving a homi^eneous fracture, and where the 
cooling was slow, a stony mess of granular crystalline sCmctnie. 
In the latter case, the crystak are Formed partly in cavities 
and partly enclosed in the matrix. The same materials yield 
the most dissimilar products, a ütct that is of the greatest 
importance in reference to the study of the. nature of ernptsd 
Tocks, and of the metamorphic action which they occasion. 
Carbonate of lime when. fused under great pressure, does not 
lose its carbonic acid, but becomes when co<ded, granular 
■-Kmestone; when the crystallization has been effi«ted by 
. the diy method, raccharoidal marble; whilst by the humid 
method, calcareous spar and aragonite are produced, the 
former under a lesser degree of temperature than the latter^f 
Di&rencee of temperature, likewise, modify the direction in 
which the di^rent particles arrange themselves in the act of 
«TBtallization, and also afiect the fonui of the crystal, J Even 
wnen a body is. not in a Öuid condition, the smallest particles 
may undei^ certain relations in their varioue modea bf 
"srrangement, which are manifested by the different action on 
light-l The pheaomcaa presented by devitrification, and by the 
ibrmation of steel by cementation and casting, — the transition 
of the fibrous into the granular tissue of the iron, from the 
Action of heat,]] and probably, also, by Tegular and long, eon- 

• Sir James Hall, in the Edin. Trema., vol, v. p. J3,'Biul vol. vi. p. 71 ; 
flrogory W»tt, in the J>*ü. Traiu. of Ute Boj/. Soe. qfLondm/or ISOi, 
. Pt, ii. p. 279 ,- DsrUgnes and Flearia« de Bellsvne, in the Journal de 
Physique, t. Ix. p. 466; Bischof, Wärmetdare, e. 313 and 418. 

t GusUfT Itos«, In Poggcaid. Aimaien. bd. slU. s. 844. 

i On the dimoi-^umn OS salphor, gee Mltscherlich, LehrtmA der 
CAeme, g G6-48. 

% OngTpeumU a .vniazal erjst«!, sad wilka mliOiMe of migneriB, 
.«ad theoiid^of xtacsnd nit^el, ««e Hltadiarlioh.iu Pciggnid..^iuuMM, 
bd. xi. 1. 338 

U Goate, Ver»aoh«-am Ormset 'Oher das brOAig werdw d*a Stab- 
ei»tna. Eli« de Beoament^ jtfAn. £^02., t.4i-p. 411, . - 
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(^nuliir, 08 wDs obecrred by Qustav 
■» Altai motmtaias (witliin the fortreaB of 
hare transformed it into a mass resem- 
in^ of u mixture of feldspar and mica, in 
a of the latter were again irobedded.f 
ere, with Le<^Id Ton Buch, to the weU- 
iiat all the gneiss in the silurian Btrala of 
ion, between the Icy sea and the Gulf of 
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timed cmmisnonB— Jikewiie tlirow a coasiderable degree of 
li^t on the geological process of metamorphiam. Heat may 
«Ten simnltaneouäy induce opposite actions in crystalline 
bodies, for the admirable expemnents of Mitscherlich have 
Mtsbliflhed the fact* that calcareous spar, without altering 
its condition of aggregation, expands in the direction of one 
ol its axes and contract« in the other. 

If we pass from th^e general oonsiderationa to individnal 
examples, we find that schist is conTerted, by the vicinity of 
plutonice mpted rocks, into a bluish-black glistening roofing- 
date. Here the planes of stmtification are intersected by 
■uotlier system of divisionAl stratificatior,, almost at rigM 
angles wiüi the former.f and thus indicating an action sub- 
sequent to the alteration. Tlie penetration of silica causes 
the aigillaceons schist to be traversed by quartz, Irans- 
fiirming it in part into whetstone and silicious schist ; the 
latter sometimes containing carbon, and being then capable 
of producing ^vanic effi^te on the nerves. Hie hi^^iest - 
degree of sUicification of schist is that observed in ribbon 
jasper, a material highly valuable in the arta,^ and which is 
produced in the Oural mountains by the contact and eruption 
of augitic porphyry (at Ozsk); of dioritic porphyry (at Au&ch- 
kul); or of a mass of hypersthenic rock, con^iüneiated into 
niherical masses (at Bogoslowsk) ; at Monte Serrato, in the 
Mand erf Elba, according to Frederick Hoffinon, and in Tus- 
cany, accordii^ to Alexander Brongniart, it is formed by 
contact with euphotide and serpentine. 

The contact and plutonic action of granite have sometimes 

' * HitsolMa'lieli, [Teier dia Aiudduaatff der byHalUtirfen KOrpgf 
AktA die Wärme., in PoggmA. Aanalen, bd. i. s. Ifil, 

t On the double syEtem of diTidon&l planes, Me Elie de Beanmont, 
^Mogie de la Fratux, p. 41 ; Credner, Otognotie Tkünngau und du 
Sonet, %. 40 { and BSmer, Dm Jtheinitche UAergangtgdnrge, 1844, 
s. C nnd 9. 

t The dlica is not memlf coloored bj pcroxld« ot iron, but is accom- 
faaied by el*;, lime, tod potash ; Boss, ^«t«^ I>d. U. a. 1S7. On 
Üie formation of jaqwr b; the action of i^oritic porpliTiy, angite, aoJ 
liirpersthene Toek, see Boae, bd. ii. a. ]SS, 187, and 192. Se«alacibd.L 
m. 43T. »here there \i a drairitig' of the porphyry Bphsrea betireen whidi 
jasper oecun, in the calcareous greymcke of Bt^josloirak, being pr«^ 
'dneed by Ihe plntunie infnence Si Uie aagitie rode ; bd. ii a G4C, sad 
UkeviBeHonboldt, Aii« CentnOe, L L p. 488. 
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made wnlkeeotu «ohist gruiular, ob was observed hj Chutav 
B^se ana tajraelf in the Alttu moBnUuns ^within the fortress of 
Bnchtanninsk],* and ban transformed it into a moss resem- 
bling granite, consisting of a mixture of feldspar and mica, in 
irtuon larg» Inminm of the latter were again irobedded.f 
Mort geognosists adhere, with Leopold von Buch, to the well- 
known hnwtheuB " Üiat all the gneiss in the siliirian itrata of 
the ItenatiiN) fimnation, between the Icy sea and the Onlf of 
Finland, has been produced by the metsmorphio action of 
granite4 In the Alps, at St. Gothord, calcanous marl is 
Bkewise changed from, granite into mica-slate, and then txans- 
forroed into gneiss." Similar phenomena of the formation of 
gneiss and mica-slate through granite present themselves in 
the oolitio group of the Tarantaise.G in trfaich belemnites are 
found in rocks, which hare some daim to be considered as- 

• Edbc, Stüe »ukA äem Ural, M. 1. 8. ESff-BBS. 

■Y In respect (o th« volcaaic origin of mica, it li importuit to noUe« 
that ctTstsIs of nii<s are found in the baaät Ol tli« Bohemias Mittelge- 
birge, in the lava tliat in 1SS2 was ^ectod tnaa VeniTiua (HiHiticelU, 
Storia dtC Veeuvio mgli Aimi 1821 e 1B22, % 69), and in ftacments of 
argilUceouB alaf« imbedded iu scoriaceons boBaU at Hohenfeb, not hr 
from GeroUtein, in Ihe EiCel, (see Mitscberlich, in Leonhard, BaaaU- 
Oebilde, s. 244), On the formatjon of feldspar in argillaceoiu sehist, 
tbrODgh eontact with porphjrj, occurring between Urval and PoI«t 
(Forez), lee Ihihiaoy, in Qtol. de la Frantie, tip. 187. It ia probabW 
fa) a ninilar contact, that certain schtgti neat Paimpol in Brlttaa;, wilh 
iriioae appeanwce I «as mucb struck, whila maküur a geological pedes- 
trian toar through that interesting conntcy with PrafMBor Kontb, ove 
their amjrgd^old and ccHnlar charäcter, — 1. 1, p. 2S4. 

J Leopold Ton Buch, in the Abhandtungen der Akad. der Witten- 
tchq/l EU Berlin, au» dem J. 1842, a. 63, and in tho JaMiSdiem /Br 
WifensdutfUicke Krxlik JaJirg. 1840, a. 106. 

S Elie de Beaumont, In the Annale» dt» Seitneet NotuTÜU*, i. xr. 
p. S62-S72. "In approsdiing the prlmlUve nisiacn of Mont Born, and 
the moontains sitoatod to the w«st of Ctoi, we perceive that the 
seoondai? strata gradually lose the ohaiactera Inherent In their mode tf 
depodtlon. Freqaentlj assuming a eharaeler apparentlj arisiog tvim a 
perfectlj disünct canie, but not losing their straUfleaÜon, th^ some- 
what resemble in their phjaloal strocture a brand of half-consiUDed 
wood, in which we can follow the traces of the ligneous fibres beyond 
the spots which continue to present the Butar^ eharactera of wood." 
(See also the Amala de* Science» ITatureUet, i. zlr. p. 118-122, and 
TDn Dedien, Oeognotie, a. tG8.) Amongst the most striking proob of 
the traasfonoation of rocks by plntonio action, we mast place Hia beUm>' 
nltes in the scUsIs of Noflenen (in the Alpine valie; of ^[tnen and in 
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nSoa-dato, and in the sdiistose group In tibe westaiu- part' 
fd Ü» island of Elb«, near the promonb^ of Cdamita, and 
tiw Fiehtdgebiige in Baiieutfa, between Lmuitv end Harii- 



Jaaper, <iriüoh,t aa I have already remaiked, ü a produetioii 
ferowd 1^ the voloanio aotion of augitic porphyry, could only 
be obtaised in small qnantitieB by the anctenie. whibt ansthet' 
material, very goner^y and efficiently need by tiiem in the 
aits, m» granDlar or saccharoidal marble, which is bkewise to 
ber^;a(ded solely as a-sedimentarystTatum altered by tecrestrinl 
heat and 1^ proximity with erupted lOoks. This opinien is 
oonxtbomted by the eoeaTate' obäerralions on the phenomena 
<f contact, brtaa lemarlwble experiioents on- fiision, made by 
Sir Jctmes Hafl mom than half a century ago, and by tb» 
attentare ata^ of granilic tuiw, which ha» contributed so 

Üie Orica-glscierE), and the 1>e]emnilai foimd hj H. Cbsipentier in tbe 
■o-csllcd primitiTe limeetone on the wefrt«m dewent of the Col de la 
Selgne, betnsn (be Endore de Montjoret tmd Qm chMet of IÄ Lan- 
chett«, and wMch he' dioired 1« me at Bez in the satmmi of 1322. 
(Annaia de ChimU, t, ziiii. p. 20£). 

* Hoffimuui, in Poggend. Atmtde», bd. xtL i. GS2, "Strata of trui- 
BitloD ugillaceooi ecbiKt in the Ficbtelgebii^ whjch can be tnioed fot 
a 'ieagüi of IS miles, are tnmsibrmed into gneln cmW at the two eztre- 
mitiee, where thej eome in ciMitact wiüi granite. We can there folloir 
the gradual foimation of the gn^aa, uid the derelt^ment of (he mica 
snd of the feldspkUii« am^gdaloids, in the ioteiior of the argillaeeoiu 
Bdiist, which indeed oenlaini in itaelf almoet all the elements uf these 
■nbeuiiu:««.'' 

t AmongslUiewaTkaof art «faidifasve comedoim totzBfhnn thean- 
tiWi Greeä and Bomans, we obesn» that none of an7 eiie — aa "otumna 
or large t— m Mellinned fnnn jasper; and eren at the present da; 
this aabaianee, in large mamce, is <hi1; obtained tnm the Ural mountains. 
The mateiM woriced ■■ jiaper tMm the Rhabarb monntaia (ReremBga 
80^), in Altai, is a beanUM libfaone« porphyiy. The word jasper ia 
derired from the Semilie langnagea, and ^nn the esnftiaed deeerf ptiona of 
"Oac^ihlistaa (De Lofidänit, 38 and- 27) and PHn; (xxxrU. 8 and 9), 
wiie rank ja^sr amragat the " opaqac g«iiu," the name appears to haie 
been ginu te bigmanta <ä iamtkat, and to » anbelance iirtiieh the 
aaeiant» ttimid joapenf g , whi^ we new know m opteijaeper. Pliny 
«Madersa pisee of Jteper eleren Ineho'in iMgth bo rare, aa to reqoii« 
Us mentioiung that he had aetaallrBaof sndia ^Mcimen: "Magniin- 
dneiB. JBspidia ondadm uneianm Ttdinms, fbrauttunqne vnde effigiem 
JhronI» tfaaaaeaWtti ." AtoonUBg- 1« Theopfaiwtns, the «tone which he 
eeila emerald, and horn whkh kige olnUata were cnt, mnst han baai: 
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la^^y la t£e e»6J3iriimeat ot modern geogaoey. Somctimee 
tke erupted roek has not txansfonoed the compact into granulBr 
limestone to any great depth from the point of contact. I'hus, 
for instance, we meet with a slight trsisfoFmatioii — » penum- 
biB — as at Bel&st in Ivekod, where the basalti« veins travene 
tbe chalk ; and, as in the c«xnpact ealoareoiu beds, which have 
iteea partiall7 infleoted by the contact of i^enitio granite, at ' 
&e Biit^ 1^ Boseampo and tfae Cascads of Canzocoli, in the 
Tyrol, (rendered celebrated by the m^ttion made of it by 
Count Mazari Peucati.)'* Another mods of transformatioa 
oecoTs where all the stmta of the oompact limestone have 
been chongal.into grmuiar lim«rtone by iha action of granite, 
and ayenitio or diiiriiio perphy^.f 

I would here wish to make^ apeoial meotian of Parian and 
Carrara marbles, whidi have acquired such celebrity from dia 
itoble works of art into whioh they have been converted, and 
which have too long been considei-ed in our geognostic coUec- 
ticms a» the main, ^pea of primitive limestone. TLe actiob. of 
granite has bees mani&sted sometime» by immediate contact^ 
a» in tlte PyreneeSit and soraotinea, as in the maiirlMid ai. 
Cfarsecct, and in. tha insi^ar gjmupa in the .^E^ean aea, thr«^^ 

* Humboldt, Lettre ä M. Brodiant de Vitlier«, in tlie Antmltt dt 
OkimU et de Phy»ique, i. ziiiL p. 261 ; Leop. von Bndi, Qeog. Bri^ 
«b<r dai BOdUch» Tyrol, s. 101, lOS, uinl 273. 
' t On tin taa^mtiHoa of compact into gtannlar UiaMtone, by tits. 
■cUon of gnail^ in the Fjimeea at Uis ^oiUagata 4» BancU. tern 
Hf^T^iaffS, in the Mimoira gtologiqaa, t. iL p. 410 ; and on Bimilsi 
ckugiB in the jir«Ma{mM it POümu, we BUe de BMnmont^ in the 
Mim. gtolof., 1 ii pp. 879-41S ; on a aimilar eflbst. pi«<bK«d by tM 
aetion <rf dfoiMo «w pTnucnio poiphjry (the opkUt Moritwd by EKe 
de BaoUDnt, In «Im Oiolotis <U la iVonc«, t. i. p. 7S), bMwen Tdo«a 
aiidSt.SabMian.aMDii&teoT, intfaaJföm. gioht.,t.ü.p.lM; and 
br syenite in tint lalaof Kc;e^ where the fowila in t^« altered UmaAoae. 
ni^Etill be üitnguidied, se« tod Deohen, ia his Oeognotie, a. 678. 
In tJie Mniftiiinatien ot »^'it-j by contact with bualt, tJie traiufHwitiMi 
of the moat ■iipilii paitMles in Üie procesee of ciysMllImtiDn 



naalMten^ ia tin bum remarkable, b«»u£a the azcellent mioriMUO^ 
UmtigattKU .af Unabaig have diown that the ^aouolta of ohdk 
pMTiaoBly existed In the form of closed rings. See Poggend, .AanofaMi 
da-i'&Mii^bd.-ixziK.a 106; and on (he mn^ cf angonlt« depontad 
torn aaintio^ aM-Soala* Bom, in v<^ ilU. p. S64 ef the.Mne jeuniaL 

t Bade oT giawilw Uaieatoiie in the gmuie at Fort d'Oe, üd tn.tha 
Uont da I^beard. B— Charpwittw, Ceaitilah'oa 9laloti9imdmPlirt< 
ate, pp. \U, lis. 
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the intennediate layen of gneiss or mica-date^ Both case« 
neaappofic a simultaneoaB, but heterogeneous proeess of trao»- 
fMnmtion. In Attica, in the Island of Eubea, and in the 
Peloponnesus, it has been remarked, " that the limestone, when 
aup^posed on mica-slate, is bcaudfiil and crystalline in propor- 
tion to the parity of the latter substance, and to the stnallness 
oC its argillaceous contents ; and, as is ncll known, this rock, 
toeethcr with beds of gneiss, appears at many points, at a eon- 
nderable depth beJow the sur&ce, in the islands of Paros and 
Antiparoe."* We may here infer the existence of on imper- 
fectly metamorphosed flotz formation, if faith can be yielded 
to the testimony of Origen, according to whom, the ancient 
Eleatic, Xenophanes of Colophon.f (who supposed the wbt^ 
earth's orost to have been once covered by the sen.) declared 
that marine fossils had been found in the quarries of Syracuse, 
and the impression of a fish (a sardine) in the deepest rocks 
of Paros. The Cairara or Lana marble qoarries, which con- 
stituted the principal source from which statuary marble was 
derived, even prior to the time of Augustus, and which will 
pnbably oontinue to do so until the quarries of Paros shall be 
TC'ttpeaea, ore beds of calcareous sandstone — macigno — altered 
iy ^utonic action, and occurring in Üie insulated mountain 
flf Apnono, between gneiss-like mica and tolcosc schist.^ 
WheÜier at some points granular limestone may not have 
been fhrmcd m the interior of the earth, and been raised by 
gneiss and syenite to the surAtcc, where it forms Tcin-lik» 

* Lcop. TMt BotJi, De*er. de» Otautriet, p. SSi ; Fiedler, Jlatc dunA 
da» KOnigreiA OrkA^nbatd, tli. ii. ■. ]S1, 190, and 61S. 

+ I hav« jttiionüf alluded to the remaritsble pasags in Origm's 
PhiUmjAMmtna, «sp. 14, (Opera, ed. Delame, i I. p. EBS). From the 
lAde MUext it aeami veiy improbsUs Hut Xenophanes meut sa 
Imprenion of a laarel {rvroy iäfvit) instead of sn imptessian of a fish 
(rurav li^vijc). Delsrue ia wrong la blaming the correctloa of Jac^ 
OraaoTias in changiag tho luarel into & nrdel. The petrifaction of 
a £ih is alM modi more probable thaa the aatanl pietare of Silenas, 
which, according to Pllnj (Mb. ziiTi. 6) the qaanr-inen are slated t» 
have met with in Parian marble fiom Uount Haipew«. Serviia od 
Virg. jEn., tL 471. 

; On the gei^QOsUc lelations oT Carrars {TU OUy <^ lis Mooti, 
etrsbo, lili. T. p. 222), see Sari, Ouenxaiimi md Umni antichi To»- 
Mtni, in tbe Ifnoro QioTTiale di üeäcmti di Pita, and HoOfatsna, in 
"Kx^jnii^Ar^« ff» MineroUvii, bd. vL s. 368-268, as well aiinhi» 
SrVD. Ram dvr^ JlalitH, a. 244-245, 
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fissures* is a question on wHch I cannot hazard an opinion, 
owing to my own want of personal knowledge of the Bubject-, 

According to the admirable observaticns of Leopold von 
Euch, the masses of dolomite found in Southern Tyrol, and on 
the Italian side of the Alps, present the most remarkable 
instance of metomorphism produced by massive eruptive rocks 
on compact calcareous beds. This tfansformation of the lime- 
stone seems to have ^weeded from the lissures which trarene 
it in all directions. The cavities are everywhere covei>ed with 
rhomboidal cirstols of magnesian bitter-spar, and the whole 
formatibn, wiuout any trace of stratification or of the IbssQ 
remaJna which it once CDBtaioed, consists only of n granular 
aggregation of crystals of dolomite. Talc laminot lie scattered 
here and there in the newly fonned rock, traversed by masse* 
of serpentine. In the volley of the Fassa, dolontite rises per- • 
pendiculnrly in smooth walls of dazzlins whiteness to a height 
of many thousand feet. It fonns i£arply-pointed conical 
mountains, clustered together in large numbers, but yet not in 
contact with each othci-. The contour of their forms recall to 
mind the beautiful landscape, with which the rich imagination 
of Leonard! da Vinci has embellished the backgroond of the 
portrait of Mona Lisa, 

The geognostic phenomena which we are now describing, 
and which excite Üie imi^ination, os weU as the powers of 
the intellect, are the result of the action of augitic porphyry 
manifested in its elevating, destroying, and transforming 
fbrcc.t The process, by which limestone is converted into 
dolomite, is not regarded by the illustrious investigator, who 
first drew attention to the phenomenon, as the consequence of 
the talc being derived from the black porphyry, but rather as 
a transfoimation, simultaneous with the appearance of this 
erupted stone through wide fissures filled with vapours. It 
remains for fiiture enquirers to determine how transformation 
can have been efitcted without contact with the endogenous 

■ AcconUng to the sssDmpÜoD of in Gxoellant ana Teif sipeneneed 
obaarrer, Kari von Lwnliard ; eee his JahrbuA för Minenüogii, ISU, 
& S29, and Bernhard CMU, Ckognosie, a. 310. 

t I«op. von Buch, Oeognottiache Bri^t an A lee von HuniMdt, 
1824,8. 36 and 82; Hui in the A nnalendt Chemie, I. xxiii. p. 276, and 
is the Abhamll der Btrliner Atad. an» der J. 1822 vnd 1S2S, a. 80- 
136} TOB Decheu, Otognone, a. CTl-fTS. 
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stoBe.'wltere strata of Momite are feund to be iatenpcraed 
in limeatMie ? Wbrae, in thia case, are ve to seek the con- 
cealed channels by ertlich the plutonic action is conveyed? 
Eren here, it nay not, however, be neceeaoiy, in confbnnity 
wilii the old Roman ada^, to believe " tiiat much Üiat is 
dum in mttnre may have been (brmed in wholly different 
wajK" When we find, over widely extended part» of ti» 
earth, that two phenomena are always associated together, as, 
fte instance, the occurrence of melaphyre and the transfonna. 
tion of compac t limestone into a ciystalline mass diSering in 
ifa chemical' charaoter. we are, to a certain depee, justified 
in beiteviog, where the second phenomenon is maniiested 
iBiattended by the appearance of the first, that this apparent 
conüxdiotica) is owing to the absence, in oertain cases, of 
'wme of the conditions attendant upon the exciong causes. 
"Who would call in question the Tolcanic natore and igneenB 
ffindilyxif bMalt, m^ely because there u« some rare instanees 
in which basaltie Teins, traversing beds of coal or strata of 
sandstone and diaUr, hsiw not materially deprived the coal 
of its carbon, nor bioken and slacked the sandstone, nor 
convetted the chalk into granular marble? Wherever we 
have obtained even a faint light to guide us in the obscure 
danuiin of minsral formation, we on^t not ungrtrtefiiUy to 
fffi-^ard it, be<!aiise Aeie may be much that is still unex- ' 
plained in the history of die relatioiis of the transitions, or in 
tte isolated interpositiau of beds of unaltered strata. 

■ After having spoken of the alteration of compact carbonate 
o£ lime into granular limestone and dolomite, it still remains 
for us to m^ition a tliird mode of tranrformation of the same 
mineral, which» ascribed to the emission, in. the ancient 
period» of the wtald, of the vapours of sulphuric acid, TTiis 
tmnsformation of Umestone into gypsnm, is analt^ns to the 
penetration sf nok-Bait and aulphur, the latter being depo- 
sited from salphnretud aqueous vapour. In the lofty Cordü' 
leras of Qnindiu, Ihr from ail volcanoes, I have observed 
deposits cf sulphur in fissures in gneiss, whilst in Sicily (at 
Cattolica, near Ctii^enti) sulphur, gypsum, and rock-salt 
bekmg to the moat recent secondary sdsta, the chalk forma- 
tiJiBs.* IhaTealsoseen,aiitIieedeeaf the cmter of Vesuvine 

"* Bofflnan, Otogn. Reite, edited b^ von Dechen, i. 1T3 IIS, and 
SS0~38e; VoggmLAnnaien da- PhyHIt Ud zxri. b. <I 



Digniod., Google 



&mme fUled w^ rock-salt, which occurred in such consider' 
able maeses, a» oeca^ouaUj' to lead to its being disposed of 
by contraband trade. On boöi deofivitieB , of the Pyrenees, 
the conneetion of diorite ttnd pyroxene, and dolomite, gyp- 
Bum and roek-soit cannot be questioned',* and here, aa in the 
otb^ phenomena which we have been considering, ereiything 
bears evidence of the action of suhtertancan fiircea on the 
eedimentsry strata of the ancient sea. 

There is miidi difB.culty in explaing the origin of the beds 
of pure quartz; which occur in such hu^ quantities in South 
America, and impart so peculiar a character to the chain of 
the AndcB-t In descending towards the South Sea, from 
Caxamarcti towards Guangamtuva, I have observed vast 
masses of quartz, from 7000 to 8000 feet in height, superposed 
sometimes on porphyry devoid' of qumta, and sometimes on 
diorite. C^ these beds have been transformed from aand- 
stODe, "*■ ^e de Beaumont conjectures in the case of the 
qoartz strata on the Col de la Poissonni^re, east of Briangon ?t 
Dt the Brazils, in Ihe diamond district of Minas Gter&es and 
St. Paul; which has recently been so accurately investigated 
ty Clausen, [dntonic action has developed in dioritic veins, 
Bomctimes ordinary mica, and sometimes specular iron in 
qoartzose itacolnmite. lie diamonds of Grammagoa are 
imbedded in strata of solid nUca, and ore oecasionaJly 
enveloped in laminffi of mica, like the garuets found in mica 
date. The diamonds that occur furthest to the north, as 
those discovered in 1829 at 58° lat., on the European dope 
oS the Uralian Mountains, bear Et gei^nostio tdtttion to the 
black cai^Mmferou» doiomite of AdolffiJcoig and to ai^tic 
porphyry, although more accurate observattons are required 
m order fiUy to elucidate this subject. 

Amongst the most remarkable phenomena of contact, we 
must, finally, enmnerate the formation of garnets in a^il- 
laceous sdust in contact with basalt and dderite, (as in 
KftrthinnhMi an A and the lalaad of Angleaw), and the occur- 

■ * DolMnoy, In the Mtmomggfolog^pie», t ii. p, 1*6 and 179. 
. ■(* Eombsldt, Ettai geogn. tvr is QUement dea Sodiee, p. 93 ■ Atit 
csBlrai^ t iii, p. £32. 
. t ^tie ite Betuunost, iOflba Annale» derScitneea Ifatarellet^ XT, 
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retkce of a vast nonibeT of beautiful and moit Tarioua CTTBtals, 
as garnets, Tesuvion, augite, and ceylanite, on the surfaces of 
contact between the erupted and aedimentaiy rock, as for 
instance, ou the junction of the syenite of Monzon with 
dolomite and compact limestone.* In the Island of Elba 
mosses of serpentiiie, which perhaps nowhere more clearly 
indicate the character of erupted rocks, hare occasioned the sut- 
limation of iron g;lance and red oxide of iron in fissures of cal- 
careous sandstone. f We still daily find the some iron glance 
formed by sublimation from tbe vapours and Ibe walls of the 
fissures <^ open Tetns on the margin of the crater, and in the 
fresh lava currents of the Tolcanoes of Stromboli, Vesuvius, 
and Etoa.^ The veins, that are thus farmed beneaüi our 
eyes by volcanic forces, where the contiguous rock has already 
attuned a certain degree of solidification, show us how in a 
similar manner mineral and metallic veins may have been 
everywhere formed in the more ancient periods of the world, 
where the solid but thinner crust of our planet, shaken by 
earthquakes, and rent and fissured by the change of volume 
to which it was subjected in <»oli^, may have presented 
many communicalions with the interior, and many passages 
for the escape of vapours impregnated with earuiy ond 
metallic substances. The arrangement of the particles in 
layers parallel with the margins of the veins, the regular 
recurrence of analogous layers on the opposite sides of the 
Teins, ((01 their different walls), and, finally, the elongated 
cellular cavities in the middle, frequently imbrd direct evi- 
dence of the plutonic process of sublimation in metalliferous 
veins. As me traversing rocks must be of more recent 
origin than the traversed, we learn firom the relations of 

■ Leap. Ton Buch, Britfe, a. 109-139. See also Elio de BeBnmanl, 
On lAe eontael of Grenile mth iU Btd* r^ Hit Jura, In the MItik gfot., 
t li. p. 40S. 

+ Hoffman, Seüe, s. 30 und 37. 

It On the chemical process In the fonnaiion of specular iron, see Gty- 
XmEsac, in the Annalt» dr. Chitnit, t xxii. p. 41G, and Hitscherlich, in 
Po^end. A nnalen, bd. xr. b. 6SC. Moreover, ciyatala of oliTinc hare 
been formed (probably by Bublimation) in the cavities of the obsidian 
of Cerro dol Jacal. vhiuti I brought &(nn Mexico <Qiistar Hose, in Fol- 
gend, ^mcden, bd. t. b. 323). Henm olivine oeeara in bas&lt, lava, 
obddifl, artifielat scorite, in meteoric stones, in the qyenite of Elfdah^ 
and <aa hjolosiderite) in the Wacbe of the Kälserstuhü 
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■tratificnlioii existing between the porphyry and ihc argen- 
tifcixiiä ores in tlie Saxon mines, (tae Tichest and most 
important in Germany), that these formations are at any rate 
roorc recent than the vegetable remains found in carbonileroua 
strata and in the red sandstone.* 

All the &cts connected with oiir geological hypotheses on 
the formation of the earth's crust, and the meiamorphism of 
rocks, have been unexpectedly elucidated by the ingenious 
idea, which led to a comparison of the slogs or seorite of our 
smelting (iimaces, with natural minerals, and to the attempt 
of reproducing the latter from their elements.f In all these 
operations, the some afiinities manifest themselves, which 
determine chemical combinations both in our laboratories 
and in the interior of the earth. Ibe moat considerable part 
of the simple minerals which characterise the more generallv 
diffused plutonic and erupted rocks, as well as those on which 
they have exercised a metamorpMo action, have been 
produced in a crystalline state, and with perfect identity, in 
artificial mineral products. We must, howCTCr, distinguish 
here between the scoricc accidentally formed, and those which 
hare been designedly produced by chemists. To the former 
Delong feldspar, mica, augite, olivine, hornblende, crystallised 
oxide of iron, magnetic iron in octahedral crystals, and 
metallic titanium;^ to the latter, garnets, idocrase, i-ubies, 

* CoiiBtantin »on Beast, UAer die Porp/iyrveEtitZ«, 1835, b. 89-86 ; 
also his Bekaddung der Wemer'tditn Qangthtorie, 1810, s. 6 ; tu»l C. 
voQ Wiwenbach, Al^nUhmgen nurloBüTdiiier OanvvThSUniut, 1836, 
Gg. 12. The ribboD-like slracUnu of the veiaa li, however, no moro 
to bo rogirded of general oeonrrence than the periodic orier of tlio 
different membcn of the« muBes. 

t Mitacherlich, Uebar dit tÜntOidfe SarHellunff drr MiaeraXun, In 
tixiiAblumdl. der Akademie der Wim. xa Serlin, 1S22-8, s. 2B-*1. 

t In BcoriEB, cryataU of fnldapar have been discovered b; Heine in tho 
TcfuM of a famace for copper ftiting, near Saugerhaasen, and uialjMd 
1)y Xeistcn (Poggcnd. Atmaien, bd. ixilii. g. 337) ; C17BUI9 of aogita 
in «coriiE, >t Sahlc (ilitscherlich in iLe AblumdL der Akad. ai Berlin, 
1S22--23, 1. 40) ; of oliriQ by Scilström (Leonhard, Biualt-Oebiide. bd. iL 
■.*0ä),- of mica, in oid Bcorite of Sohloss Oarpenberg (Mitacherlicb, in 
Lconhard, op. eil. c t>06) ; of nugnetic iron, in the Beorise of Cbatilton 
" ' c (Leonhord, a. itl) j and of micMeoDS Iron, in potter's clajr 



(Uitscherlich, in Leonhard, op. ci't, s. 2S*). 

[Sep Gbelmer's papers in .^nn. Je Chimie efde Fkutigue, 1817: also 
Seport on 1&« Oryif^ine Slag», b; John Percy, M.D., F.B.S., and Wüliaa 



DyGoogle 



(eqnal in haidneM to those fband in Ihe East), diviae, asd 
ai^te.* These minerals constitute the main ctnutitaenta of 
ot granite, gneiss, and mica sohist, of basalt, dnlerite, and 
many porphyries. The artificial production of feldspar and 
mica is of most especial geognostio importance, 'with reference 
to the theory of the formation of gneiss by the metmnorphio 
agency of argillaceous schist, which contains all the consti- 
tuents of granite, potash not excepted.f It Trould not be 
very surprising, therefore, as is well observed by the distin- 
guished geognosist, Ton Bechen, if 'we trere to meet with a 
nrasment of gneiss formed on the walls of a smelting furnace, 
which was built of aigillaoeous slate and graywadce. 

After having taken this general view of the three classes of 
erupted, sedimentary, and metamorphic rocks of tlie earth's 
crust, it still remains for us to consider the ibnrth class, com- 
prising conglomeralei, or roeka of detritus. The 'very term 
recalls the destruction which the earth's crust has suffered, 
and like'wise, perhaps, reminds us of the process of cementa- 
tion, wiiioh has connected togeliier, by means of oxide of iron, 
or of some argillaceous and calcareous 8ul>Btanoes, the some- 
times rounded and sometimes angular portions of fragments- 
Hallows Miller, M.A., 18^7. Dr. Pen^, InacommnnleatJonwithirliich 
he has kindl; fkvonred vie, ssjii, that tJie minenüe vMch he haa fonsd 
artifidally produced and proved b; na^tjaa, are bomboldUIite, gehlen- 
ile, oliviae, and magnetic (mde oF iron, in octahedral ciT^tals. Ha 
■Dggesta that the cireiunatMice of the praducUon of geUenite at a high 
temperatnre, in an iron fomace, ma; possibly be made avtulable tiy 
geologiatd In sxplainiD^ the focmaüon of tJie nicbi in vhleh the naturU 
mineral ocean, as in Fa^thal in the Tyrol] — Tr. 

* Of mioeials purposely produced, ire m^ mention idocraae and 
garnet (MilacherlicTi, in Pomend. Anmilea der Phyiik, bd. uiiL 
«. 340) ; roby (Oandin, in the Cowiptet raidia de FAcadSmie de Science, 
t W. pt i. p. 999) ; olivine and augite (MitBcherlich and Berthier, in 
the Asnaiei de CKimit tt de Pkytique, t. uiv. p. 876). Notwiih- 
standing the great«et posail>le Binularit; in ciTstalliae fonn, and perfeot 
Identity iu chemical compotntion, eiieticg, according to GtuetaT Rose, 
, between an^te and liomblende, horntilende has never been foond 
accompanying anglte in Bcorias, nor have chemiata ever succeeded in 
artificially producing eiüier hornblende or feldspar (Uiiicherlich in 
Fcegend. Aiuuden, bd. xixiiLs: 310, and Hose, ^«ue nach dem Ural, 
.. bd. ü. g. 3e3 und 3S3). See also Beudant in the Meta de VAcad. dt» 
Seiencea, t. viii. p. 221, and Becquerel's ingenioua experiments in läa 
■ TraittdeVElectrieit6,\,A.-p. 334, t.iii. p. 218,and t. v. pp. 14Sa!idl8i. 

■ " ' ■ - "♦ ■ ■■■■>. 138. ; 



■aiUdeVEleOrifiUii.i.-p. 334, t.iii. p. 218,and t. v. pp. 14 
\ lyAubuiwii^ in the Journal dePXyiifnt, t, Ixviii. p. l: 
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. JKOCKB. 2^1 

CettglotneniMB and rooki of detiitae, wben consideied in the 
widest sense of the term, manifeBt cbAractera of a double 
otigüi. The substances which enter into their medianical 
Gompoeitioa h&re not been (done oooumulated hy the action 

of the waves of the sea, or current« of fiiesh watei, for there 
are some of these rocks the formation of vhi«h aacnot be 
uttributed to the action of water. " When basaltic islands 
and tmchytic rocks rise an fissures, friction of the elevated 
tock against the walls of the fissures causes the elevated rock 
to be inclosed by conglomerates composed of its own matter. 

. The granules composing the sandstones of many formations 

^ have been separated, rather by friction against the erupted 
volcanic or plutonic rock, than destroyed by the erosive force 
of a neighbouring sea. The existence of these friction con- 
glomerates, which are met with in enormous masses in both 

, hemispheres, testifies the intensity trf the force with which the 
erupted rocks have been propelled from the interior through 
the earth's crusL This detritus has subsequently been tak^n 
»p by the waters, which have tiien deposited it in the strata 
miich it still covera."' Sandstone formations ere found im- 
bedded in all strata, from, the lower silurian transition stone 

' to the beds of the tertiary formations, superposed on the chalk. 
They are found on the margin of the boundless plains of the 
new continent, both within and without the tropics, extend- 
ing like breastworks along the ancient shore, against which 
the sea once broke in foaming waves. 

If we cast a glance on Üie geographical distribution of 
rocks, and their relations in space, in that portion of the earth's 
crust which is accessible to us. we shall find that the most 
universally distributed chemical substance is «Hcic octrf, 
generally in a variously coloured and opaque form, ^ext to 
solid silicic acid, we must reckon carbonate of lime, and th^ 
the combinations of silicic acid with alumina, potaah, and 
soda, with lime, magnesia, and oxide of iron. 

The substances which we designate as rocks are determi- 
nate associations of a small number of minerals, in wliich 
some combine parasilically, as it were, with others, but only 

' * Lsop. von Bneh, Otogttoei. Stifle, e. 76-S1!, Kbeie It is sIm shorn 
:irhy the new nd iimdalODe (the TBäÜUgtade af the Tburingim Fltfta 
J^f^ufttion), &nd ths eoal maanuea, most be regarded as produi)ad tf 
erupted porphyi^. 
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xuadat 9^™i^ niAtionB; tima, for instance, although quaitl 
(silica), feldspor, and mica, are the principal constitueats 
of gnmite, UieM mincralg also occur, either individuallf 
or coUectircl}', iu many other formatioiia. By vray of iliu»- 
tnitiiw how the quantitative relations of one feldspathic 
rock £tifer from another, richer in mica than the former, I 
would mention that, according to Mitscherlich, three times 
more olnmina and onc-thira more silica than that pos- 
sessed by feldspar, give the constituents that enter into the 
compositioa of mica. Potash is contained in both,— ^ 
substance whose existence, in many kinds of rocks, is pron 
bably antecedent to the dawn of regetatiou on the earth's 
turfocc. 

The order of snccesnon, and the relatiTe age of the difl^ent 
fbrmatjons, may be recoenized by the superpositton of the 
sedimcntaiT, metamorphic, and conglomerate strata; by the 
nature of the formations trarersed by the erupted masses, and 
—with the greatest certainty — by the presence of organic re- 
mains and the differences of their structure. The application of 
botanical and zoological evidence to determine the relative age 
of rocks— this chronometry of the earth's sui&ce which was 
already present to the lofly mind of Hooke — indicates one of 
the most glorious epochs of modem geognosy, which has 
finally, on the Continent at least, been emajicipated from the 
away of Semitic doctrines. Fal»ontoIoglcal investigations 
have imparted a vivifying breath of grace and diversity to the 
TCience of the solid structure of the earth. 

ITie fossiliferous strata contain, entombed within them, the 
floras and fkonas of bygone ages. We ascend the etream of 
time, as in our study of the relations of super-position we 
descend deeper and deeper through the different strata, in 
which lies revealed before us a past world of animal and vege- 
table life. Far-extending disturbances, the elevation of great 
mountain chains, whose relative ages we are able to define, 
attest the destructian of ancient, and the manifestation of 
recent oisanisms. A few of these older structures have 
remained m the midst of more recent species. Owing to the 
limited nature of our knowledge of existence, and from the 
figurative terms by which we seek to hide our igncn'once, we 
^ply üiß appellation rectnt »truetur» to the historical pheno- 
mena of transition maniftsted in the oigauisms, as well as is 
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tiie fiinns of primitive seaa, and of elerated tnnds. Tn sora« 
cases these organiaed stnictnres have been preserved perfect 
in the minutest details of tissues, intcguntent, and articn- 
lated parts, irtiilst, in others, the animal passing over soft 
argillaceoiui miid, has left natliine but the traces of ita 
coune,* or the remains of its undigested food, as in the 
coprolites.f In the lower Jura formations (the lias of Lyme 
R^is), the ink bag of the sepia has been so wonderftdly pro- 
served, that the material, which myriads of years ago might 
have served äie Hninml to conceal itself from its enemies, still 

* [Tu certain locsUtiea of the new led tandstoae. In the voile; of Iha 
CoDuecticat, numeronB tridactjl nuirklagB huTe beeu occagioiiaUj 
obserred on the anibce of the Blabs of atoue when split asunder, iu like 
Duuiner u the ripple-mtrks appear on the racceadve l^ets ot Buid stone 
in Tilgate FoieaL Some ramarkafal; distinct impioaiona of this kind, 
at Turner's Fall* (UasBachiuetta) happening to attract the attenUon of 
Dr. James Deene, ot Qreenfield, that sagacious observer vas struck vitb 
their resemblaaee to the foot-maAs left on the mud-banks of the »4)*' 
cent river by the iquatio birds irhidi had recently frequented the spot. 
The ^)ecimens colleoted vere (ubmitted to Professor Q. Uilchcock, wh« 
folloiröd np the inquii; with s zeal and sooccas that have led to the 
most interesting lesalta. No reasonable doubt now exists that the 
imprints in question have beeu produced by the tracks of bipeds 
impresed on the stone when in a soft state. The announcement of this 
extraordinary phenomenon was first made by Profewor Hitchcock, in 
the American Journal qf Bcimct, (January, 1836,) sad that eminent 
geologist has since published full descriptions of the different species of 
unprinls wliich he has detected, in his splendid work an the geology of 
Hsseachusetts.— Hontell's ifedaU qf Creatxon, voL il. p. 810. In the 
work of Dr. Htmtell above referred to, there is, in vol. ii. p. 816, an 
admirable disgnm of s slab &om Turner's Foils, covered with nnmeroas 
G>ot-marks of birds, indicating the track of ten or twelve Individuals 
of different rises,]— TV. 

f [From the examination of the fbetila spoken of by geologists tmder 
the name of Coprolitea, it is easy to determine the nature of the food of 
the animals, and some other points; and when, as happened occasionally, 
the animal was killed while the proceM of digeition wss going on, the 
stomodi and iatestjnes being partly filled with half-digested food, and 
exhibiting the eoprolites actuslly tn titu, we can mue out with «er- 
tainty, not only the true nature of the food, but the proportionate siie 
of the stomadi, and the length and nature of the lalestjnsl canal 
Witlüu the cavity of the Ht> of an extinct animal, the palaontologist 
thus finds recorded, in indelible characters, some of those hieroglypliiM 
■pan which he founds his hlitoiy.— TAc AndeM Wortd, by D. T. 
Anstod, 18«T, p. 113.}— Tr. 
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jiriiiis Ute c(do)ff vith whicli its iao^ ntty be dtawn.* It 
qthet, strata Bg«in, nothing lemaina' blithe Ikint impreeeionof 
iLBuwcIe-shell, but even l£ia, if it b«iong te a maiii diTiaion c^ 
iBoUuflea,t may serve to ahow the traveller, in some distant 
land, the natore of the rock in which it ia fbtmd, and Um 
cvgaoic remain» with which it ia aMociatcd. Ita diicoveiy 
gives the hiatoiy of the cooati? in which it occiitb. 
. The analytic atudy of primitiTe onini^ and vegetable life 
Ins taken a douUe directioii; the oite is pui^ morphological, 
and embiacea, especially, the nMontl history and physio- 
logy of organisma, filling up the chasma in the series of atill 
living Bpeciea by the fossil structures of the primitive world, 
^e second is more ^ecially geognostic, conaiderii^ fossil 
rpmaina in their relatums to the Biq>ei^>asitioB and relative 
age of the sedimeBtary fbrmatiwis. "Lbe fonnef has loiw 
predominated o<ver the latter, and am imperfect and Buper&^ 
comparison of fossil remains widi existii^ species has led 
tS> errors, which may still be traced in the extraordinary 
names applied to certain natural bodies. It was sought to 
ideuti^ oU feasil speiäee with those still extant in the seiae 
naamer as, in die sixteenth century, men wore led by Use 
Snalt^es to compare the animals of the New Continent with 

* A diBcaver; made 1>j Miss Muy Anning, who wts likewise tlu. 
discoverer of the copraiitea of üsb. Theaa coproUles, and the excro- 
mentA of the ichJl^TOWuri, have been loond ia aoch abnniduu^e in Eioglat^ 
{as for instance neai Lyme £egiB), thai, according to Buckjaiul's eE-~ 
praaaiou, they lie like potatoes scattered in the ground. See Back- 
und, Oeclogy amtitUred aitA T^eTtnc4 to Natural Thtolagy, voL i. 
|4>. 183-202 aod 305. With nspect M the hope eipreawd bj Hooke 
"to rais« a chronolog/' from the mere «tndy il broken aad foesilized 
■hells "and to slate the interval of time wherein such or such catastrophes, 
aad mntaüons have happened," se« his Fotüumiav* Worka, Lcctvre, 
^•b. 29, lesg. 

[Still more wonderfbl Is tha piaserratjon of tho safaataoca of the 
anunal of certun cephalopoda in the Oxfbid clay. In some qmeimena 



{^werved in connection with the belemnile shell, while one specimen 
eMlibits tlie large eyes and the funnel of the Miinul, and iha reoiaiiis of 
two fins, in addition tu the shell and the ink-bag. äaeAnsted's Jjictent 
JforM, p. lirO-^r. 

> Leop. von. Bach, in the Alha,näivngen der Akmi.. der Wim. m 
Btrlin indem J. 18S7, a 64. 
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t&ose of the M. PUer Cunper, Sänmerii^, a^'KutiieBfl 
b»^, had the moit of being tbe fint, }>y the aiieat^ appli- 
cation of B mom accurate eompantive Hie,tom}r, to throUT' 
l^t on the oFtoolopcal lowiich of pakBoatolagy— -tbe areh»- 
ology of o^ianic life; but the actual gec^Bostic views of 
tKe doctriD» of fowil remaina. the felicHon» combinatioa of 
the zodogioal character with Üie order o£ suoceasioa, and the 
relative ages of (Ftrata, aie due to- the I^mdib ef Ge^tge 
Citvier, and Alexander Bronftniart. 
' The ancient sedimentsry fonuations, and thoea of tnnsitloa 
locks, exhibit, in tbe oiganic remains coatained within thorn, 
a niixtuTO of structures very Taiieuslj ntuated on the scale of 
nrogressiTdy derek^jed organiuDS. These strata contain but 
few plants, as, for instance, ecnae ^>ecies of Futa, Lyoopoiliace» 
wblch were pntbaMv' arboreaeeat, EquiAetacece, and tropical 
f^nns; they present^ bowever, a singutar association of animal 
fbrms, conBisting of Crustacea (TVilobitea with retteulated, 
eyes, and Calymene), Brac^iiopeda {Spirifer, Orlbis), elegant 
Sphffironites, neariy allied to the Crinoidea,* Orthoceratites, 
of the family e>£ the Cephalopoda, corala, and blended witk 
these low organisme, ^les of dte moct singular fonaar 
imbedded in Üie npper liluriaa formations. The &iiiiiy of 
the Cephalaspides, whose fragments of the species Fttriohlya 
were long held to be IVilolntes, beloi^ exelasiTely to the 
DeTonian pmod, (thff Old Red); manifestia^, according to 
Agaasiz, as peculiar a type amongst fishes- ne do tbe Ichuiy»- 
sauri and Flesiosauri amongst reptilcs.f The Goniatites, of 
tfie tribe of Anuntmite«,^ are manilbeted i& the transition 
dialk, in the grej nucke of lite devonian peritids, and erea in 
the latest silurian formations. 

The d^fendeoce ofphysiolwical gradation upMLthe age of 
the formatioos, which has not nitherto been shown with per- 
fect certainty intake caee o£ iaTertdaiata,§ is n^ost regulatlj 



t Leap, ion Buch, in Qie AJAartal. der BerL Akad., 1888, a. 110- 
158 ; BejTich, fear, ear SamlMiM dea AAeiaweAe» Uebo'gajtiftg^ 
^rga. 1837, s. iS. 

I Agssaiz, Sedierchee sur U» Poatint» föitäa, t, 1, JntTMi. p. xTiit 
DaT;, CoMoialion in Trcmd, dial, üi 
t2 
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tunifefted in vertebrated animals. Hie ini»t ancient of 
these, OS we have alreadj seen, are fishes ; next in the order 
tif cuceeetdon of formation, passing from the lower to the 
upper, come reptiles and mammalia. The first reptile (a 
Saurian, the Monitor of Cavier), which excited the attention 
of Leibnits,* is fomid in cuperiferous sc^t of the Zechstcin 
' of nmiingia; the Palfeoeaums and ThecodontosauniB of Bris- 
tol are, according to Hurehison, of the same age. The 
Sttnrians are found ia large number« in the muschelkalk.f in . 
the kenper, and in the oolidc ftnmations, where they arc 
the most nnmerons. At the period of these formations 
tttere existed PleBiosanri, having long swan-like necks con- 
sisting of thirty vertebrm ; ^egalosami, monsters resembling 
the crocodile, forty-five feet in length, and having feet 
irtiose bones were like those of terrestrial mammalia, eight 
species of large-eyed Ichthyosauri, the Geosaurus or Laeerta 
gigantea of Sommering. and finally, seven remarkable species 
of Pterodactyles,]: or Saurions üimished with membranons, 
wings. In die chalk the number of the crocodiliol Saurians, 
dinuniahes, although this epoch is characterised by the so-, 
called Crocodile of Maestricht, (the Mososaums of Ccmybeare), 
and the colossal, probably graminivorous Iguonodon. Cuvier 
has foand f|Tii"mala belonging to the existing fomilies of the 
crocodile in the tertiary formation, and Schenohzer's antedi- 
l»oian man (homo düucü teslis), a large salamander allied 
to the Axolotl, which I broi^ht with me from the large 

* A Protonnnt, according to Hermann von Ueyer. The rib of a 
Ssnrian iuaerl«d to tuvn been fomid in the mouutain limeatane (car- 
bonate of lime) of Northamberl&nd (Herrn, von Meyer, Falaologiea, 
s. 2»»), ig regarded by Lyell {Qeoloim, 1832, voL t p. 14S) ae very 
donbtfaL TbedigcoTerer bimself referred it to tliesUnTial Blrät&ivhi^ji 
cover Cbe mouataiu limestone. 

+ F. von Alberti, Monographie da fiiinten SandHein*, MutAeUaB» 
und Keupere, 183J, a. 119 and Hi. 

X See Herm&nn von iteyer'a ingenious conaiderationa reganUng the 
Ol^iaiiizatioa of the flying Siinrians, in hia FaltEologica, s. 238-252. In 
the foBsil specimen of the PterodactyluB craaüroatrie, which, aa well aa the 
longer known P. longinstrig (OrmibocephsluB of Sdmrnering), was 
found at Soleabofen, in the litbograpbic elate of the upper Jnr» fonnv 
tjon, Pmfesaor Ooldfuaa haa even dieeoveied traces of the membraaoat 
«ing, " iritii the impressions of enrling tufls of hair, in some place« « 
hiU inch m length." 
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Hexioan l&bes, belm^ to the most recent fteoh-water fiarma- 
tions of (EDinmn.* 

The determmatüm of the relative ages of orgamsma by 
the BuperpoHilioii of the strata has led to important result* 
tegarduig the relations which hare been discovered between, 
extinct tamiliee and «»ecies, (the latter being but few in 
number) and those which still eust. Ancient and modem oh. 
servations concur in Bhawing that the fossil floras and faunas 
diifer more from the present v^etable and animal fbrms in 
proportion as they belong to lower, that is, more ancient 
«edintentary fonnatioos. 'flie nnmerical relations first deduced 
bv Cuvier from the great pheonomena of the metamorpbism 
of oi^iauic lile,t have led, throt^h the admirable labours of 
Dcsluiyes and Lyell, to the most marked results, especially 
with reference to the difierent groups of the tertiary forma- 
tions, which contain a considerable number of accurately 
investigatcd etructures. Agassis, who has examined 1700 






I of fossil fishes, and who estimates the number of 



Itviug species which have either been described c 
«erved in museums, as SOOO, expressly says, in hia uasteriy 
work, that " with the exception of a few small fossil fishes 
peculiar to the argillaceous geodes of Greenland, he has not 
£}und any animal of this class, in all the transition, secondary 
<w tertiary (bmiationB, whidi is specifically identical with any 
still extant fish." He subjoins the important observation 
" that in the lower tertiary formations, ftnr instance, in the 
coarse granular calcareous beds, and in the London clay,^ one- 
third of the fossil fishes belong to wholly extinct fiimilies. 
Not a single species of a still extant &mily is to be found under 
the chalk; whilst the remarkable fiunily of the Sauroidi 
. {fishes vith enamelled scales), almost allied to reptiles, and 
which are found from the coal beds — in which the larger 
species lie — to the chalk, where they occur individually, bear 
the same relation to the two families, (the Lepidosteus and 
Polypterus,) which inhabit the American rivers and the Nile, 

• [Ansted's Aneitnt World, p. 68.]— IV. 

t Cuvier, üec&enAcf rar la Onemetu /omlei, 1. 1. pp. 62-GT. Se« 
■Iso the geolo^esl Kala <^ epochs la FUUipe' Geolom, I83T, pp. 16S- 

18G. 

S Se« Wonder* <^ CMogg- vol )>■ S80 ''— TV 
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H «or pnsuit elepbante sod txpin do to the Itastuißn Knd 
Anaplotheriun of tie primitive world."'* 

The beds of eh&lk which cobtain two of tbme wmroid Gahea 
-utd gii^mtic reptiles, nnd m whole extinot wiuld of corals aad 
iniwäeB, intve been proved fay Ehrenberg's beantiiiil dtsoore- 
. rioe to «ausist of microscopic Polythobunio, nsoy of wUch 
«tiU exist in our seas, and im tlie middle latitadeB of the North 
6ea and Bahie. Hie first group of tertiary fiwmatknis sbtn^e 
■file chftlk. whidh has been demgriated as belonsn^ to the 
£soHie Period, does not. therefore, merit that dengnatäon, 
since " the dmiat of the worid in whicdi we tire ectends mach 
&rther bock in the history <tf tbe past than we hove hitheito 
«opposed, "t 

As we hin« idready seen, Mies, which «pe the most ancient 
-of all Tert«brata, are found in the Sihninn'baDBitionslnita, wad 
"then unmtemiptedly on through all fuviatienB to liie strata 
■of the tertiuy period^ -whilst Saurians b«^ with the Eedi> 
«tone. In like mfmner we find the first -mammalia {Thyla- 
e»ik»rmm prtvottii, and T. bucklandii, whioh mie neariy aUied, 
according to Valenclennea,]: with marsupitd amauUs.) in the 
oolitic formations (ätone^dd-schist), and the first birds in Ihe 
inost ancient cretaoeous stmta.g SucA are, aeooiding to the 
present state of our knowledge, ^e lowestll üsuta of &he8, 
smuians, mammaha, and birds. 

Although «orals and serpnHdn -oecnr in the most ancient 
formations «ömaltaneondy with highly Jevelt^ed Cepfaalo- 
podesandCmetaceanaithusexfaibitingtfaeKtcMTKrioias ordeis 
grouped tt^ether, we yet discover very determinate laws in 
the case of many indiridnal gvcmpp of oneand thesaaiennieEs. 

* Ag»BAi,Pinsien$/oMile»,%.l-p.Z<l,mi^i.iü.yp.l^E!l-,'BoiiiMl»i, 
Oology, Tol. i. pp. 273-277. 

t Ehrenberg, UtAer «ocli jetxt leb^idr. Tkitrarlea da- KreidebU- 
SvMg, in tbe AbJuindl der Berliner Akad, 1838, e. 164. 

t Valenciennee, ia the Comptes rendna de tAcadSmie det Seiemx», 
t vii, 1888, pt. 2, p. 580. 

§ lo the Weald-claj ; Bendant, Glologie, p. 173. The omitholit« 
inereiue in aomber in the gypsiim of tke tciti»^ fonnatioofi Civvier, 
• Ottemmttfoimles, C ii, p. 302-323. 

H TRecont collectiana from the soutliem hemisphere, dm« (Jiat this 
dlstnlration was not bo oniver^ during the earlier epochSi aa hss ^SM- 
lally been supposed. -Bee Papen b; Darwin, Stwg)^ Uociia, and 
UnCoy, in the Qedlogical Jouriud.y—Tr. ■ - ■ , 
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A RDgle tpeäea of Ibwil, as Ooniatites, Trilobites, or Nim. 
mulit^. Bometimea congtitutea whole mountaiuB. Wliere dif- 
ferent fiunilies are Uended togetttei', a determinate wiocewion 
of organisms has not only been observed wilii reference to die 
superposition of the fonnatüma, but tbe aaaooiattoD of certain 
families and species im» also been noticed in tlie lower slrata 
of the same formation. By Jiis acute discovery of the arrango^ 
ment of the lobes of their ehamber-sutures, Leopold tod Budi 
has been enaUed to divide the iatiumerable quanti^ of Am- 
monitee into ,well aharaoterised äwilies, and to skow that 
Ceratitee appertain to the muschelkalk, Arietes to the lias, and 
Oosiotites to transition limesloDe and greywacke.* lite lower 
limits of Belemnites are, in dte keuper, covered by Jura lime- 
Btmte, and their upper limits in the chalk formatio&s.f It 
appears, from what we now know of this subject, that tbe 
waters mnst. have been inhabited at the soho epoch, and in 
tbe mo8t widely remote districts of the werid, by shell-fisb, 
wfaioh were, at any rate, in part, identical with the foa^ 
remains found in Eagland. Leopold von Buch hss discovered. 
ez<^yra and trigonia in the souüiem hemwphere (volcano of 
Maypo in Chili), anil d'Oihigny has deeeiibed Ammonites 
and Crryphites from llie Himalaya and tbe Indian j^aing of 
Cutch ; taese remains being identical with those found in the 
old Jurassic sea of Germany and France. 

liie strata which are distinguished by definite kinds of f>etri- 
fikctions, or by the fragsients contained within dtem. form a 
geognoatic baciKoa, by whi«h tbe enquirer may guide his stt^ 
and arrive at certain conclosionB regarding the identity at 
lelatäve age of the formatdons. the periodic recurrence of oer- 
tain strata, thrär jiarallelism or weir total suppression. If 
we dassiiy the type of the sedimentair structures in ttie 
simplest mode of generalization, we arrive at the following 
series in proceeding from below upwards. 

1. The so-called tramition rook*, in the "two diviHons of 
i^per and lower greywacke (siiuiian and devonian systems), 
the latter being fbrmecly des^ptatül as old red sandstone. 

3. l^e iovxr tri»a,\ eomprising mountain limestone, coal- 

* Leap, vsa Baeh, in Um JUmk». der Btrt. Ahad., 1S80, a. 18»- 
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' measures, b^;e(3ier vith the lover new red Buidrtone fTodt- 
liegende and Zecluteia)* 

S, Hie i^iper trios, incloding variegated aandstone,* mtui- 
«helkalk, and keuper. 

4. Jura Umtatoae (Uas and oolite). 

5. Ortm landitont, ihe quader aanstmn, upper and lower 
^iialk, terminating the secondary formationB, Wluch begin with 
limeetone. 

6. Ttrliary forma&mt in Üiree diviüons, distingiüshed as 
gninnlar limestone, the lignites, and the sah-apennine grarel 
rf Italy. 

Then foDow, in the alluvial beds, the colossal bones of the 
mammalia of the primitive world, as the Mastodon, Dinothe- 
rium, Missnrium, and the M^atherides, amongst which is 
Owen's sloth-like Mylodon, eleven feet in length.f Berädes 
these extinct femilies we find the fossil remuns of stil] extant 
animals, as the elephant, rhinoceros, ox, horse, and stag. 
'ßie field near Bogota. caUed the Campo de Gigantts, whidi 
is filled with the bones of Mastodons, and in which I caused 
excavations to be made, lies 8740 feet above the level 
of the sea, whÜat the osseous remains, found in the elevated 
plateaux of Mexico, belong to true elephants of extmet 
apecies.J The projecting spun of the Himalaya, the Sewalik 

' UarcUson mskes two dlvUloas of the (unter eandtUtKe, the npper 
befug th« »am« u the triiu of Albert! ; irtiiM of (he lower diviaian, to 
wbiiä the Yetsi* »antUUme of EUe de Beaumont beIonj;s — the teehtttm 
and the toddiegende — he forms hu Penaiaa eysUaa, He makee the 
secondary formationa commence witi the «pper irto», that is to sij, 
with tlie upper division of our (Qeinianj bunter sandstone; while the 
PenaiaD system, the carboniferous or mountain limestone, and the 
Devonian and Silnrian aliala constitute hij poteozoic formatiim*. 
According to Ihwe views, the chalk and Joia coiutitute the upper, and 
the Iccnper, the mnsiihelkalk, and the hunter sandstone Uie lower 
■econdary formatloos: whilst the Permian system and the carboniferous 
limestone are the upper, and the Devonian and Silurian strata are the 
lower patecozoic formation. The fundamental principles of tlus general 
claasification are developed in the gT«at worii in which this ind^Ugahle 
. British geologist purposes to describe the geology of a Isi^ part ot 
EMtem Kurapc. 

t [See Mantell's Wandert of Ototogf, vd. L p. 188.}— ?V. . 

X CuTier, 0»wi»«n«/o«nZe(, lS2I,'t. l.pp. 1G7, S61, and 394; see also 
Humlwldt. Odxr dU Hoehd>tite oo» Bi^ota, in the DauttAat Titt- 
Uaaitn.4daift, 1839, bd. L a IIT. 
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faills which havf) been so zealously inTestigatecl by Cap. 
tain Cautley* and Dr. Falconer, and the Corderilhts, whooe 
elevations are, probaUy, of very diffetent epochs, contain 
besides niuaerous Mastodons, the Sivatberium, and the gigantic 
land tortoise of the primitive world {Cohuocheh/s). which is 
twelve feet in lengüi, and six in height, and several extant 
fiuuilies, as elephants, rhinooeroses, and giraffes; and it is 
A remarkable met, that these remains are found in a zone 
which etill enjoys the same tropical climate, which must be 
supposed to have prevailed at the period of the Mastadons.f 

Having thus passed in review both the inoi^anic forma- 
tions of the. earth's crust and the animal remains which 
arc contained wiäiin it. another branch of the history of 
O^anic life etill remains for our consideration, viz., the epoch of 
vegetation, and the successive floras that have occurred 
simultaneously' with the increasing extent of the dry Ixuid and 
the modifications of the atmosphere. The oldest tnmsition 
steita, as we have already observed, contain merely cellular 
marine plants, and it is ouy in the devonian system that a few 
ciyptogamic forms of vasculai plants (Calamitcs and Lyco- 
podiaces), have been observed. J Nothing appears to oorro- 
iwrate the theoretical views that have been staled regarding 
the simplicity of primitive forms of o^anic life, or that 
vegetable preceded animal life, and that the former was neces- 
aanly dependent upon the latter. The esistence of race« rf 
men inhabiting the icy regions of the North Polar lands, and 
whose nutriment is solely derived from flsh and cetaceans, 
shows the posBibility of maintaining life independently of 
vegetable substances. After the devonian system and the moun- 
tain limestone, we come to a formation; the botanical analysis 

* [ThefosüI&anADf thsSemlikTsogeof lulli,HUrtii]KUieBouUient 
btse of the HimaUys, ha« proved more sbondant in genera and Bpeci« 
of mamTnalis tluui that of any other region yet explored. Ab ■ geaenl 
«ipreesioD of Ibe lesdiag featorea, it may he stated, tLat it appears to 
have been composed of lepTMentsüve forms of *ll »gea, from the oldat 
i^tlu tertiary period ditäa to the modem; and of oif Üie geoffrapluciU 
diviuoDS of the (Sid Continent grouped tt^ther into one comprehensive 
.ßuins. Fauna Antiqua SivaHeaait, by Bugh Fslconer, H.D., and 
Utior P. T. CanÜey.>-3V. 

f Jounud (if Ae Asiatic SodOy, 1844, No. 15, p. 10». 

X Bejileh, la Kaist«n'i Arddf für iditerukgit, 1S44, bd. xriU. 
a. SIS. 
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•ii whidi lias made mich brilliant sdnmees in modern timM.* 
Tite coal measure« contain not only fem-bke ciyptogunio 
^plants and phanen^mic monocotyledona (graaeefi, yncca-like 
uiacecB. and palmg), but bIbo gyHmospermic dieotoledonB (coni- 
ferro and oycadefe), amounting in oU to neariy 400 qx«it>s, as 
iduracter»tic of the ooal formaticnM. Of these we wilt cmly 
•nomerate aiboreaoent calsmitee and lyeopodiaceee, scaly lepi- 
äodendra. ngiUari», wbi<!li attain a height of siiEty feet, and arc 
Bometimee found standing upright, being distinguipbed by a 
double Bjistem of Tasculü bundleB, cactus-läe Btigmariie, H 
great number <^ ferns, in some cases the «ten», and in others 
tke fronds alone being found, indicating by their abundaiM» 
the insular fcnm of the dry land.f cycede(e4 ««pBciaQy palne, 
filthoiigh fewer in nainbeT,§ saterophyllitea, having whorl-lihe 
•eaTcs, and allied to the na^des, with araucaria-like eonifezte,!] 
-which exhibit &3nt traoes of annual rings. This difibrenoe 
of dtaracter from our prernnt Vegetation, manifested in ^le 
T^etativ« tonoB whiA were se luxoriously developed on the 
4rier and more elevated portionB of the old red sandstan«, 
was maintained through aU the subsequent epochs to de 
moBt recent chalk formations; amidst the peculiar diaiaoter- 
iatics 'exhibited in the v^etable "forms contained in the coal 
measuree, there is. however, a gtrifcb^y marked jrevalenBe 

* Bj* the Inporiutt luboim of CiniBt Stflmhers, Ade1|die D romniMt, 
QOppert, md LiadU;. 

-f Se« Kobert Btvira's Botany q/ Voiiffo, p. 42, ud Üie U^OMTdf 
the imfortimtite D'Uirille, J>e la dittrilraiirm lU» ^mtgires «ur la -Mr- 
/aee du Qlobe Temitre. 

X Such are the cycsdete discovered ly Comii Bterabeig In the oH tai- 
iMmiferons Connsüon at Bwhttti In Boheni]«, and deseribetl by Corai, 
(tiro apecies of cjcstides and ztunitea Cordoi ; see Oäppert, Foasiie Oyea- 
deen in den Arbeiten der StiUei. Or»elU(Ä/^ JÜr mlert. Oullatr im 
iT. 1»43, s. SS, ST, 40, and 5»). A ^ycsdea (PteröidiylhiBigoiioiThsehll, 
CHtpp.) ha> also bean fonnd is the esrbanifennis formaUoni m Upptll 
flilena, at KänifBbHtle. 

% Liodlej, Foenl Flora, Ho. it. p. 1«, 

II Faitil Crmifira, in Buefeliad'a OenloffS, VP- *88-^M. "WMiam bm 
"{he great merit of hHTing- fint racogniaed Ae «zistenee of «nd&ira hi 
the sari; Teg«tation of the old cnbeniferoos frannttioa ; shnoBt all Hi« 
nnnke of trees found in this fonaaUon were praricnsly regarded aa 
palms. The Bpedea of the genug Arattearia are, htnrever, not peCB> 
' Ud- 4« the ml tbrmatlOBi of the BiitiBh idaads ; Öq^ filrawlM Dccnr Ik 
Upper Bileala. 
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of 1te«aineiBBaifiM,if iMt«f ttie mne specie«* in all pmlBSf 
tbe eMth m it then esieted, eh in. New HaiUaDid, Cauadft, 
Greenl&nd, «ad MeivilLe Idaa^ 

The vegetation of Ute primitive period exbifnti ttmm, idiH^ 
from titeir eimnltimeous affinity ^th Bereral fionilies of tile 
. .present vorld, testify that many intermediate linkB mnrt have 
become extinct in tite scale of organic development. Thus, 
lot example, to mentian only two instances, we would notiee 
the lepidedendra, i^di, aoecrding to Lindley, oecnpy a place 
between tlie ocoiifecffi and the lyo^odiacete,'t' and die arBTic&- 
•de and pines, wfai^ exhibit some pecu ü&iitiesin the imion of 
Üieir •vascular bundles. Kven if we limit our consideration to 
•Ute present world ^one, we must regicrd as highly important, 
.the diseorery <rf cycade» and coiuii-m «de by aide with 
fl^enaiioe and lepidodendm in the ancient coal meamirei. 
The conifrae are not only allied to ci^uliferm and betulinte 
with which we find tliem asMciAted in lignite fonpatioEa, 
but also with lycopodiacete. The £unily of the sago-tike cye»> 
. dete a,pprDaehes most nearly to palms in its -external appear- 
Koce, whilst these plants aie specially allied to ixmifene in 
retpect to the stnioaire -of tbeir Umsoibs and seed,^ Wbene 
many beds of coal are euperposed over one another, the fami- 
lies and dpeeies are not always blended, being most frequently 
grouped togeäier in sqiarat« geneia; lycopodiaoeee and cer- 
tain ferns being alone found m one bed, «ad stigmari» and * 
Bt^llarin in amTtiier. In order to give eome idea of the 
Ittxuriance of tire vegPtaticFn of the primitire world, and Of 
Üie immense masses rf v^table matter which was doubtleai- 
lesely accumnlated in currents and converted in a moist con- 
dition into coal,§ I would instance the Sasrbrüdcer eoal 

• Adolphe Brongniart, Proärome d'une Bitt. du Vlgetaiafionlm, 
■p. 179 ; Buchland, Geolog]/, p. 47a ; Endlicher tad tTngv. Cfrmtdaii^fe 
der Bolaniii, ISii, a. iSS. 

f '.' By means <rf' Lepidodeadrou, a better pasAge is «tabUdied frcm 
flowering to flowwIeBB plants, flmn by either EquiBetatn or Cyiaa, or »ay 
other known genua." — Lindloy aJid Hott^in, Fottü Ftora, vol ii p. Ä 
' i Kuntli, Anordnung der Pßamxnfamüien in Ma Han^. der 
Botanik, a. 307 and 814. 

I That coal has not been formed from vegetable £breB charred by 
Sre, but that It has more probablj been produced in the moist way by 
the action of .sulphuric .acici, ia atriking^ demonetiated by the excellent 
obserTation made by Gijppert (Karsten, Archiv /ür Itineralofie, 
1.J — ;:.- - nr,y „_■«.-■ " -ji of a fragment of ftmbeT-tree ittto 
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' measores, irbsre 120 beds are mperpoaed on one anoäier, 
mdusiTe of ft great manr wliioli are less Ihan a fimt in üöA- 
nefls; the cool beds at Johnstone, in Scotland, and those in the 
Creuzot, in Burgundy, are aome of them, respectively, thirty 
«nd My feet in thickness,* whilst in the fbreats of our tempe- 
mte zones the carbon contained in the trees, growing over a 
certain area, wonld hardly suffice, in the space of a hundred 
jetaa. to cover it with more than a stratum of seven French 
unes in thiokneBa.f Near the mouth of the Missiseippi, and 
in the " wood hills" of the Siberian Polar Sea, described by 
Admiral Wrangel, the vast number of trimke of trees accU' 
mulated by river and sea^water currents, affords a striking 
instance of the enormous qnantitiea of drift wood wliich mnst 
have fevoured the formation of corbonifbrous depoeitionB in 
^e inland waters and insular bays. There can be no doubt 
that these beds owe a considerable portion of the substances 
of which they consist to grasses, small lonnching shrubs, and 
cryptogaioic plants. 

The asBociatitm of palms and conifbne which we have indi' 
cated as being characteristic of the cool formations, is di>- 
coverabte throughout almost all formations to the teitiaiy 

blaek eosL The eosl Ukd the unalttred unber lay üde by üde. Begard- 
iag the part which the lower fbnoB of vegetation maj have had in Um 
bnnation of coal-beds, Bee Link, in the Abhandl. dtr Beriiner Aiade- 
«ue d«r WiaaentiAn/Un, 1838, b. 38. 

* [The actual total Üückne« of U>e diSbrent beds in England varies 
eonsidorabl; in different districts, bot appeaia to amount in the Lanca- 
shire cctd-field to as much as 1 GO feet — Anated'a .itnetent World,p. 7S. 
For an enumeration of the Uuckoess of coal taeasures in America md 
the Old Continent, see Hantell'a Wanden of QexAogy, Tof. iL p. 69.]— 
Tt. 

f See the sccnrate labours of Cherandier, in the CompU» rmdiu de 
tAcademit daStienea, \%U,t. iriii.pt. i. p. 286. In comparing this 
bed of carbon, seven lines in tliickness, with beds of coal, we must not 
omit to conaidet the enonnoos prennr« to which the latter have been 
■utfjected from superimposed rock, and which manifests iiaelf in the 
Jlatt«ned form of the stems of the trees found in these subterranean 
regions. "The so-called v)ood-hiU» discovered in 1806 b; Sirowatako^ 
Ofl the smth coast of the Island of New Siberia, conüat, aceotding to 
^ fiedenstrom, of horizontal strata of sandstone, altemaUng with bita- 
ininons trunks of trees, forming a monnd thirty fathoms in height ; at 
the aommit the stems were in a vertical positicj. The bed irf diüt. 
wood Is vi^blB at Gve wersta distance." See Wiangel, Bti»e tämgt Jet 
JTordUttte txm Siberien in den Jahren 1820-2^ th. L a 102. 
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period. In the present conditimi of the •waili these gaien 
q)peiir to exhibit no tendency whatever to occur associated 
together. We have bo accustomed ouTselves, although eiTO> 
neously, to regard conifersD as a northern tana, that I experi- 
enced a feeling of eurprise when, in ascending from the shore« 
tfibe South Pacific towards Chilpansingo and the elevated 
valleys of Mexico, between the Venia de la Moxonera and the 
jtlia de lo» Caxonea, 4000 feet above the level of the sea, I rode s 
whole day through a dense wood of pinus occidentalis, wher« 
I observed that tiiese trees which are so similar to the Wey- 
mouth pine, were associated with fiin palms* {Corypia dulei»), 
swarming with brightly-coloured parrots, Souäi America 
has oaks, but not a single species of pine; and the first time 
that I again saw the faTYiilim- form of a fir tree it was thus 
associated with the strange appearance of the &n-palm.f 
Christopher Columbus, in his first voyage of discovery, saw 
conifme and palms growing together on the north-eastern 
extremity o? Äe islaöl of Cuba, likewise within the trgpicB, 
and scarcely above the level of the sea. This acute 
obeerver, whom nothing escaped, mentions the &ct in his 
jonmal as a remarkable circumstance, and his friend Anghiem, 
the Becretaiy of Ferdinand tie Catholic, remarks with asto- 
nishment, " that palmela and pinela are found associated 

This corypha i> the loyaie, (in AEtee, toy<^,) tet the Palma d«ic9 
tl Uie nitivM ; see BumMdt Hid Banplsnd, Synopti» Plant. ^Iqvi- 
»oft. Orbit Norn, t. i. p. 802. Froteesor Bnachnunii, who U pnrfboiKUT 

■cqaalnUd vith the American luguagea, leaiaAs, that the Palma 
totale ii BO nsmed in Yepe's Voeabulario de la Lengva OlAotai, and 
that the Aztec irord eo; atl (Holins, Voca/ralario en Ltitffua Meäcaua 
g CaMiana, p. 25,) recois in »«mes of places, such u, Zoy&Utlan and 
Zojapanco, neftr Chiapa. 

t «ear Bancoa and C^rgs de Hoya; see the Admiial's journal of 
ÜM 2Gthsiid 2Tthor Norember, 1192, and Hunbnldt, JJinm«« en'ti^wa 
dt VHwt. de la Qtographie du NmtBean Obn(>n«nf, L iL p. 2S2, and 
t. ili. p. 23. Columbus, who invariably paid the most remsriuble sttsn- 
üon to all natural objects, «SB the ütst to ohaervo the diSeiene« between 
Podocarpat and Pimi». " I find," said he, " en la tlerra aspeta del 
Cibao pinot qae no llevan plnas (Sr-conee), pero portal orden com- 

CtoB per aatunleia, que (las fruloi) parecen azeytunaa del Azanfe dn 
11a." The great botoniit, Richard, «hea be published his excellent 
Memoir on Cymdem and Conifene, little imagined that beior« the Uma 
of L'Htritier, and even before the end of the flfl«enth centoiy, a nan< 
gator hod sepanted Podoearpta bom. the AbieUnen. 
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tmetber in the aewlf-ditcoTered land." It i> amattcr at 
uudi importance to- ge^Aagy to conLpare the preaoit di». 
taabudon of plants over the eülh's aurtaoe with tlmt exhiliited. 
in tba fosail floras of the primitive world. Tb« temperata 
B>ne of the southern henü«]^ere, which is so rieh in seas and 
ijlynJa and where tropical &>nnft Uaod ao remarkably with, 
thoae of ccdder parts of the earth, presents, according to Dar- 
win's beautiful and animated desciiptionB,* the most instruc- 
ü.Ye materials for the study of Ihe present and the past 
geof^phj of plants. The history c^ the primordial ogee is, 
ui ^ strict sense of the wtad, a part of the history of [daots.. 

Cyoa^ffl, which, from the number of their fossil ^KcieSriniut 
have occupied a &r more ia^iartant part in the extinct than 
in the present vegetable wwld, are associaled with, the i^arly 
allied conifera frvm the coal formatioaa iqiwards. They are 
almost wholly abeeat in the epooh of tha variegated sandstooe 
which contains ccmiiene of rare and luxuriant structure ( Vol- 
iixia, Maidmffara, Alberiia) ; die cyeadcB, however, oeonr moat 
fieqnenlty in the keuper and lias strata, in which more than 
twenty difEerent forms ^tpesir. In the ehalk marine plants 
and naiades predominate. Ih« foRsts of cycadeffi of the- Jura 
fonnatiMts had. therefiae, long disaj^iearea, and even in the 
more ancient tertiaiT fonaationa th^ an quite aobordinateto 
the oonifene and putms.i' 

< Hie ligniteB, or beda of bown ooal^ "whic^ are present in 
all £viaionB oS the tertiary period, pieaent, amongat dte most 
ancient cryptogamie land plants, some few pabns, many coni- 
SoK having distinct annual rings, and fbliaceous shrubs of a 
more or leas tropical (diaxacter. In the middle tertiary 
p^od we again find palms and cycadete fully established, and 
finally a great similarity with our existing flora, manifested 
fit the sudden and abundant occurrence of onr pinee and firs, 
dnpuliflerm, maples, and poplars. The dicoty^cdonons stems 
föund in lignite are occasionally distinguished by colossal 

* Charta Danrin, Joanna if tti Fagaga <f Ike Adaatam tmi 
BtagU, 1839, p. 271. 

t GDppcrt dociibca three otter CjtadMB fqieciw of C;eadites ind 
PCeiophjitiim), found in tlie brawB carbimifeTou scMstiMS chij of Alt- 
MMel «ad Commotao, is Bohmia. They va^ piobablf belong t« the 
Bocene period. Q4^peit, Fottüe Oycadttm, «. 91. 

t [Mtdai* <f OreaiUm, toL L eh. v. Ae. Woadtn td Oeskvib 
*oL i. pp. 278, S92.>- 2V. 
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•üe add fCnUk Bfie.' In tbe tra^ of & bee found at Bonn, 
Sfof^^eraät cevBted 793 uainial rings.* In the north «f France, 
at Ywuxr Hi^M Abbeville, oaks have been discoveied in the 
turf maarm of Üie Soaaae, which meaaured foartecn feet in 
dinmeter, a thidmesB «hich ia Yeiy r^iuurkable in the old 
continrait and without the b^tioE. According to Oöppert's 
exenlleat inTeetigatima. which, it is hoped, may soon be 
iUnstnted by [dates, it woi^d aj^iear tbat " all the amber elf 
äie Baltic otmes from a coniienHis toee, which, to judge bjr 
the still extant renuina of the wood and the back at di^arent 
ages, approttdiea ^«37 neariy to mir white and red pinesi 
^though fiirming a dtstiact species. The amb» tree ^ the 
ancient world {PmiUa taeaftr), abounded in ceun to a 
d^ree far sucpaaÜBg that maiufested by any extant conifecona 
tree, for not only were large uueees of amber deposited ia 
and upen the bark but also in the wood itself foUowing thfl 
course of the medullary rays, whidi tt^ther with ligneoua 
aeliaarestiUdisoenible under the microaci^, and peripherally 
between the rii^a, beiI^; Bometiine» betfa yellow and white." 
"Among the^^^etablefoTzasincloaedin amber are male and 
&ma]e blMtroBM of o«r native adcukr-Leaved trees and 
eupolifenei whikt fragments which are recognised na belong- 
ing to thuia, ei^resaua, epl>edeia. and taatania vesca, blended 
with thoa« of JHiipers and firs, indieate a v^etation. different 
&ma that of the coasts and jdaiss <tf the Baltic"'!' 

■ Bncklsnd, Oeology, p. 509. 

4- [The foreets of smlraT-piaes, Finita taeeifir, were In th« sontä- 
eaatern put of what U now Üw bed of the Baltic^ In sbont 65° S. Ist, 
sad 37° £. long. ThsdiferMtcoloanof ambaruaduived from loesl 
oheBical sdmizWre. Th« uriis rsntsiai fitfrniMta of T«i;atsb]c 
iBsUtr, sad ürom th««« it hw b««n a«eertahiad that the ■mber-pin« 
IdiesU coatiined four other apeciea of pine (bamdes the Pixit« meet- 
^), BCTeral cjpresBe», jews, and junipers, with oaks, poplara, beechei^ 
Ac — altogether fortj-eight epecieti of trees and ahrube, constituting a 
dora of N<tf^ Amwican character. There are also some femi, moasea, 
fcagi, and Umworta. an Prohma QVippoit, Oe»l. Tnaa., ISiS. I» 
Bselit ^dent am« II crostaceana, learea, and ftagm^ila of vegetable thmc^ 
an iatbaddad la lome of the maiwM. Upwards of 800 speciea of insect« 
have be«D observed ; moat of them belong to gp«ciei, and eveu ^nera, 
that appear to be dislinct from any now known, bat othen are nsarl; 
nlatad t« iadigensn» apeciia, and mmie aie idtntleal with axJsting fbnni. 
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We luve now passed äirough üa lAxäe Mriet of fem»« 
tiona compiised in the geologiräl portion of the present wcffk, 
innoeeding from tLe ol<£^ empted rode and the most ancieiit 
Bedimentarr formations to the aUuTial land on which we 
flcatteted dtose hu^ maeees of rock, the eanses of whose 
general distribnlion htne been so long and variously dis> 
cussed, and which ore, in my opinion, to be ascribed mtber 
to the penetration and violent outpouring of pent-up waten 
by the elevation of mountain-chains, than to the motion of 
floatina blocks of ice.* The most ancient structures of the 
tnmsition formation with which we are acquainted are slate 
and greywocke, which contain some remains of sea weeds 
from the Silurian or cambrian aes. On what did these so- 
called motl ancient formations rest, if gneiss and mica schist 
must be r^^aided as changed sedimentary sbuta? Dare we 
hazard a conjecture on ^t which cannot be an object of 
actual ge<^a8tic observation? According to an ancient 
Kidian myth, the earth is borne np by an elephant, who in hia 
turn is supported by a gigantic tortoise, in order that he may 
nut fiill; but it is not permitted to the credulous Brahmins to 
inquire on what the trätoise rests. We venture here upon a 
somewhat similar problem, and are prepared to meet with 
opposition in ourendeavours to arrive at its solution. In the 
first formation of the planets, as we stated in the astronomical 
portion of this work, it ig probable that nebulous rings revolv- 
ing round the sun were a^lomerated into spheroids, and 
consolidated by a gradual condensation proceeding from dte 
exterior towards the centre. What we term the ancient 
Silurian strata are thus only the upper portions of the sohd 
crust of the earth. The erupted rodcs which have broken 
through and upheaved these strata, have been elevated' from 
depths that are wholly inaccessible to our researdi; they 
must, therefore, have existed under the Silurian strata, and 
been composed of the same association of minerals which we 
tCTm granite, angite, and qnartsose porphyry, when they are 
made known to us W eruption through the sur&ce. Basing 
our inquiries on anali^y, we may assume that the substances 
which fill up deep fisswes and traverse the sedimentary strata, 

* Leopold von Buch, in the Abhang der Abid. der TTumokA. at 
Serlin, ISli-lG, b. 161; and in FoggeaA., Annalen, bd. ii. a 67G; 
SLLede Beoumoat, ia Q\e AniuUe» de» Scieacei ifatvrelia, t. xix.jp. 60. 
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-are merely ihß tanüficatioiis of a lower deposit. The fool of 
active volcanoee are dtuated at enormous depths, and judging 
from the remarkable fragments which I h&ye found in various 
parts of the earth incrusted in lava currents, I should deem it 
more than probable that a primordial granite rock fonns the 
substratum of the whole stratified edifice of fossil remiuns,* 
Basalt containing olivine first shows itself in the period of 
the chalk, trachyte still later, whilst eruptions of granite 
belimg, as we learn from the products of their metamorphic 
action, to the epoch of the oldest sedimentary strata of the 
transition ibimation. Where knowledge cannot be attained 
.from immediate perceptive evidence, we may be allowed from 
induction, no less tlian from a carefiil comparison of facts, to 
hazard a conjecture by which granite would be restored to a 
portion of its contested r^ht and title to be considered as 
a primordial rock. 

The recent pn^rees of geognosy, that is to say, the more 
extended knowledge of the geognostic epochs characterised 
by difierence of mineral formations, by the peculiaritiee and 
succession of the oi^anisms contained within them, and W 
the position of the strata, whether uplifted or inclined hon- 
sontally, leads us, by means of the causal connection existing 
among all natural phenomena, to the distribution of solids and 
fluids into the continents and seas, which constitute the upper 
crust of our planet. We here touci upon a point of contact 
between gedogical and geographical ge<^noey, which would 
constitute the complete history of the form and extent of 
«imtinents. The Imitation of tlie solid by the fluid parts of 
the earth's surfece, and their mutual relations of area have 
varied very considerably in tlie long series of get^oatic epochs. 
They were very different, for instance, when carboniferous 
stittta were horizontally deposited on the inclined beds of the 
mountain limestone and old red sandstone ; when lias and oolite 
lay on a substratum of kenper and muschelkalk, and llie chalk 
rested on the slopes of green sandstone and jura limestone. 
If^ with £lie de Beaumont, we term (he waters in which the 
jura limestone and chalk formed a soft deposit, the jurtuaie or 
ooUUc. and the cretaceoiu seal, the outlines of tbese fonnationa 
will indicate, for the two corresponding epochs, the boundaries 

See Elie de Beanmoni, Deier. gioi. de la Prance, L i p. 66; 

'--' Sfofevi« lBi*> p. 208. 
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t et w c e n die alictd^ dried land tud tite ocean m iriudt thess 
zoeka were rormiug. An ingenious attempt has been made to 
draw maps of this physical portimi of jnimitive gaografiij, 
and we may consider sach diagnnns as moic correct tliaii 
those of the wanderings of lo or tlte Homerie geography, 
since the latter are merely gtaphic representatiims trf' mythical 
inures, whilst tlie former are based npon positire fibcts 
deduced from the seieiiee of gcolt^y. 

Hie results of the investigations made regarding the aieal 
lelations of the «olid portions of our planet aie as follows : 
in Ute mo«t ancient times daring the siliman and devonian 
transition epochs, and in the secondary fbrmatioDS including 
the trias, the continental partions of the earth wei« limited 
to insular groups, cohered with v^etalion; these tslands 
at a snbaeqnent period became muted, giving rise to nnmo-- 
ous lakes and deeply indented bays ; and finally, when the 
ehsins of the Pyrenees, Apennines, and Carpathian monn- 
tains were elevated about the period of the more ancient 
tertiary formations, large continents appeared, having almost 
their present Bize.* In Hie Silurian epoch, as well as in that 
in which the cycadeie flourished in such abundance, and 
gigantic sauriana were living, the dry land, from pole to pole, 
was probably less than it now is in tiie South Pacific and the 
Indian Ocean. We shaQ see, in a subsequent part of this 
work, how this preponderating quentitf of water combined 
with other eansea most have contributed to raise the tempe- 
rature and induce a- greater uniformity of climate. Here we 
would only remark, m considering the gradual extension oF 
the dry Iwd, that shortly before the dutvrianee» iriiich at 
longer or shorter interma caused the sudden destruction 6t 
BO great a number of colossal vertebrata in the däavial pariod, 
Mtaae parts of the present continental masses must have been 

* [ThoKmoTmteii<B,dMGiibsdiQBaIn-w«rda,«erediiabUMBgtünK 
oa for nuuiy thonsuulg and t«na of tluiDBands tf levidatioBa of oar 
pjauet. Tkcj mn accompuiied also b; nut bat do* chaogM of oUmi 
kinds. Ho «ipaaave tarae emplt^ed in lifljiig ap b; miglitj' move- 
»eiits the DorUten portioB of the ocndiiont of Aä% finmd partial TEBt; 
Brd from partial mbaqneoai toues tbote were povied ottt (be tabular 
irwM at basalt ooeaniog in Cratnü India, lAüe an eztnBva ana tf 
depresmon in tbe Indian Ocean, marted bj the coral islandi of Üie 
Laceadive^ CIw Maldives, tbe gnti Cbigos bank, and conM othcn, were 
in tbe course of depre^on bj a coaatemeUng moremeit. — JbMt«#* 
Atieiaa WorU, p. MQ, «o.J— ZV. - 
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completely separated from one another. Tötete ia a great 
similarity in South America and Auatralia between stUl living 
and extmct species of anima-la. In New Holland foual 
remains of the kangaroo have been, finmd, and in New Zea- 
land the semi-fossilised bones of an enonaons bird, resembling 
the ostrich, the dinomis of Owen,* which is nearly allied to 
the present ^terys, aai bat little so to the recently extinct 
dronto (dodo), of the Islami of Be^r^oes. 

The form of the continental portions of the earth m^, 
perhaps, in a great measure, owe their elevation above the 
surrounding level of the water to the eruption of quartzose 
porphyry, which overthrew with violence the first great vege- 
tation, from which the material of onr present coal measures 
was formed. The portions of the earth's sur&ce which we 
term plains are nothing more than the broad stunmits of hi"l ) * i 
and mountains, whose bases rest on the bottom of the ocean. 
Every plain is, therefore, when considered according to its 
submarine relations, an elevated plateau, whose inequalities 
hare been covered over by horizontal deposition of new sedi- 
mentary ibrmations, and by the accumulation of alluvium. 

Among the general subjects of contemplation appertaining 
to a work of tibis nature, a prominrait place must be given, 
first to tbe consideration of the qvantiitf of the land raised 
above the level of the sea, and next to the individual conSgn- 
ration of each part, either in relation to horizontal extension 
(relations of form), or to vertical elevation, (bypewnetrical 
relations of mountain-chains.) Our planet has two envelopes, 
of which one, which is general — the atmosphere— is composed 
of an elastic fluid, and the other — the sea — is only locally die- 
bibuted, surrounding, and therefore modifyii^, the form of the 
land. These two envelopes of air and sea constitute a natural 
whole, on which depend the difEerence oi climate on the earth's 
aur&ce, according to the relative extension of the aqueous and 
solid parts, the form tmd aspect of the land, ajid the directiftn 
and elevation of mountain chains, A knowledge of the reci- 
procal action of air, sea, and land, teaches us that great 
meteoroI<^cal phenomena cannot be comprehended when 
considered independently of gei^nostio re^tions. Meteor- 

" \ßm Ameriean Journal qf Science, y<A. xlv. p. 187; and Medal» 
qf CWfion, vol, iL p. S17; Tram. Zoolog. BoeUt^i^ London, vol. iL; 
Wonder» <jf OmAimi, vol i. p. 12B.]— 3V. 
u2 
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fAogy, OS well as the ge<^Taphy of plants end animals, lias 
tmly b^un to make actual progrees since the mutnal depend- 
ence of the phenomena to be investigated has been iuUy 
tect^nised. The void climate has certainly Bpecial reference 
to tlie character of the atmosphere, but this character is itself 
dependent on t^ perpetuaUy concorrent influences of the 
ocean, which is uniTersally and deeply agitated by ciureiits 
having a totally opposite temperature, and of radiation &om 
tiie dry land, which variea greaäy in form, elevation, colour, and 
(fertility, whether we consider its bare rocky portions or those 
that are covered with arborescent or herbaceous vegetation. 

In the present condition of the mirfoce of our planet the 
area of the solid is to that of the finid parts as 1 : 2f, (accord- 
ing to Bigand, as 100 : 270)*. The islands form scarcely -i^ 
(^ the continental masses, which are so unequally divided Üuit 
tfaey consist of three times more land in the northern than in 
the southern hemisphere; the latter being, therefore, pre- 
eminently oceanic. Prom 40° south latitude to the Antarctic 
Pole the earth is almost entirely covered with water. The 
fluid element predominates in like manner between the east- 
era shores of the old, and the western ehores of the new conti- 
nent, being only interspersed with some few insular groups. 
The learned hydit^rapher Fleurieu has very justly named Üüs 
vast oceanic basin which, under the tropics, extends over 145° 
of longitude, the Oreal Ocfm, in contradistinction to all other 
seas. The southern and western bemispheTes (reckoning the 
latter from the meiidian of Teneride) are therdbre more rich 
in water than any other r^on of the whole earUi. 

These are the main points involved in the consideration of 
the relative quantity of land and sea, a relation which exer- 
oees so important an influence on the distribution of tempe- 
rature, the variations in atmospheric pressure, the direction 
<tf the winds, and the quantity of moisture contained in the 
air, with which the development of vegetation is ao eeaentially 
connected. When we consider that nearly three-fourths of 
the upper sur&ce of our planet are covered witii water,! we 

' See TTontaetioiu of the Cambridge Pkäoiophical Society, vol. vL 
pt. 2, 1887, p. 297. Other writers Lav« given the ratio as 100 : 284. 

i- In the middle ages, the opinion preTailed, that the eea covered odIj 
<D»4eventh of the surface of the globe, an opinion which Cardind 
d'Ailly {Imago Mvndi, cap. S,) founded on Uie finirth apociTphal book of 
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ehaQ be less mrpriBed at Üie imperfect condition of meteor- 
ology before Üie beginning of tLe present century; since it ie 
only during the subsequent period that numerous accurate 
obftervatione on the temperature of tlie sea at different latL- 
tndes and at different seasons, have been m&de and numeri- 
cally compared together. 

The horizontal configuration of continents in their genera 
relations of extension, was already made a subject of intellec 
tual contemplation by the ancient Greeks. Conjectures were 
advanced regarding the maximum of the extension from west 
te east, and Dicraarchus placed it, according to the teatimony 
of Agathemerus, in the latitude of Rhodes, in the direction of 
a line passing &om the pillars of Hercules te Thine. This 
line, which has been ten^d the paraOel of th» dic^hragm of 
Dicaarchui, is laid down with, an astronomical accuracy of 
position, which, as I have abated in another work, is well 
worthy of exciting surprise and admiration.* Strabo, who 
was probably influenced by Eratosthenes, {q>pears to hare 
been so firmly convinced that this parallel of 36° was the 
TTutTimiim of the extension of the then existing world, that 
he supposed it had some intimate connection wita the fctrm of 
the earth, and, therefore, places under this line the ccmtinent 
whose existence he divined in the northern hemisphere, 
between Thcria and the coasts of Thinc.f 

As we have already remarked, one . hemisphere of the 
earth (whether we divide the sphere' through the equator 
or through the meridian of Tenräifie,) has a much greater 
expansion of elevated land than the opposite one : these 
two vast ocean-girt tracts of land, which we term the east- 
ern and western, or iJie old and new continents, present, 
however, conjointly with the most striking contrasts of con- 
figuration and position of their axes, some similarities of 

SidiBs. Colnmbas, wlio derired a great portion of his coamogiaphlcal 

knowledge from the Cardinal'B work, iras maefa intamted in npholding 
this Idea of the gmallne» of Uie sett, to which the misundentood expres- 
sion of " the (Kwan stream" contributed not a little. See Humboldt, 
Examen crilipie de VHxst. de la Oiographit, 1 i. p. 1S6. 

* Agathemenu, in Hudson, Qeographi minorem, 1. 11. p. 4; see Unm- 
boldt, Am£ tentr., U i. pp. 120-125, 

t Slntbo, Ub. i. p. Cfi, Caaanb; aee Humboldt, Eixime» erit, t L 
p.l£Z 
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form, especiaDy with reference to Öie mutual relatioiui of 
their opposite coaste. In the eastern coatinent, the predomi' 
nating direction — the position of the major azit~-iiialuieR from 
evit to west (or more correctly speakiog from »outh-weet to 
north-eoHt), Whilst in the western continent it inclines from 
south to north, (or rather from sonth eoiith-east to north 
north-iFest). Both terminate to the north at a parallel coin- 
eidiug nearly wiäi that of 70°; whilst they extend to the 
Sontii in pyramidal points, having sabmarine proloi^tions of 
idands and shoals. Such, for instuice, are the Ardüpelag« 
of Tier™ del Fnego, the Logullae Bonk sonth of the Cape of 
Good Hope, and Van Diemen's Land, separated from New 
Holland by Baes'« Straita. Northern ABia extends to the 
■bore parallel at Cape Taimura, vbioh, accrading to Krusoi- 
stem, is 78° 16', whiM it &lls below it fr^m the mouth of the 
Oieat Tschnkotaclga RiTer eastward to Behring'g Straits, in 
the eastern extremity of Asiai — Cook's East Cape — which, 
aecordiug to Beechey, is only 66° 3'.* The northern shore of 
the New Continent follows with tolerable exactness the paral- 
lel of 70°, since the lands to the north and south of Banow's 
Strait, from Boothia Felix, and Victoria Land, are merdy 
detached islands. 

The j^ramidal ocm^nration of all the sonthem extremities 
of continents belongs to the nmHitudineg physicm in eonfiffurO' 
Hone MaiuU, to which Bacon already c^ed attention in his 
Nofwn Orgimon, and with which Reinhold Foster, one of 
Cook's companions in his second voyage of circunmavigation, 
connected some ingenions comiderations. On lookii^ east- 
ward fivm the meridian of Tenerifife, we perceive that the 
southern extremities of the three oontineDts, viz., A:&ica as 
the extreme of the Old World, Australia, and South America, 
snccewively approatäi nearer towards the South Pole. New 
Zealand, whose length extends fully 13° of latitude, forms an 
interniediate link between Australia and South America, like- 
wise temiinatiiig in an island. New Leinst^. It is also a t&- 
mnrkable circumstance that the greatest extension toi^Lrds the 
south &lls in Üie Old Ckintinent, under the same meridian in 

* On the mean latitude of (be Norihem Amstic shores, and the 
tnie name of Cape Taimura (Cap« Sleveio-Woettitachnol), and Caps 
ITDrUi.BuC (Scbslagdcol Hfi^, see Bomlioldl, Ane txnlrak, L iii. 

pp. se, 37. 
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whiäh ibß extremeat projection towards tlte North Pole jb 
vanifeated. Thie will be perceived on comparing the Cape of 
Good Hope and the Li^rullas Banlc with the North Cape of 
Europe, and the Peninsula of Malacca with Cape Taimoni in 
Sibena.* We know not whether Ute pole» of the earth ate 
eurroimded by land or by a eea of ice. Towards the North 
Pole the parallel of 82° 56' ha« been leached, but towards 
the South Pole only that of 78° 10'. 

Hie pynuuidal tenuiuaüons of the great contineDta are vari- 
oiuly repeated on a smaller scale, not only in the Indian Ocean, 
and in the Peninsular of Arabia, Hindostan, and Malacca, 
iHit also, as was remarked by Eratosthenes and Polybius, in 
the Mediterranean, where these writers had ingenioWy com- 
pared together the forme of the Ibeiian, Italian, and Uellenio 
peninsulas.f Europe, whose area is five times smaller than 
that of Asia, may ^most be regarded as a multiiarioasly 
articulated weetem peninsula of tlü more oompact mass of the 
Continent of Asia, Ihe climatic relations of the former being to 
ÜKwe of the latter as the Peninsula of Brittany is to the rest 
of Fiance. J The influence exercised by the articulation and 
bigiber development of the form of a continent on the moral 
and intelleetual cmditiiHi of nations was remarked by Strabo,S 
who extolls the varied form of our small contbent as a apeciu 

" Humboldt, Ali« eentrah, t. 1. pp. 188-200. The sonlhem point 
of America, sod the Archipelago which we csU Terra del Fuego, ue la 
the meridim of the north-weBtem part of Baffin's Bay, and of the great 
polar land, «hone limits have not bb ;et been ucerttüned, and vhich 
jiöiiapB belong« to Wert Qreeniand. 

t Stralio, lib. ii. pp' 62, 108, Caraub. 

t Humboldt, Atie centralt, t. iii. p. 25. A« early aa the jexr I81T, 
In mj work, Dt distribatione geographiea plantarum »ecundum ct^ 
temperiem rf aUitadinem taorUmm, I direet«d attenlioa to the impor- 
tant inflaence of compact and of deeply-artioulated continents <m cUmst« 
and human cirilization, " B^onei vel per ainua lunatoa in looga oomua 
porrect«, angolosiB littornm recewibua quasi membratim diBcerpl«, vel 
apatia patentia in immengom, quorum litl«ra duIUb iudsa angulis ambit 
sine anfractu Oceacus" (pp. 81, 182). On the relations of (he extent of 
«out to the area of a continent (considered in lome degree ae a measnra 
■of the Bcceaaibilit; of the interior), aa« the inquiries la Ber^liaa^ 
Annaien dfr Erdlcirndt, bd. xil. 1885, a iW, and Phytiial. AOm, 
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advantage. Africa* and Soath America, which manifeat so 
great a resemblance in their configuration, are also the two 
continents that exhibit the eimplett littoral outUnea. It ia 
aalj the eastern shorea of Asia, which, broken as it were by 
die force of the currents of Ae oceanf (Jractat ex a^uor& 
lerraa) exhibit a. richly Tsriegated configuration, peninsulas 
and contiguous islands alternating from the Equator to 60° 
north latitude. 

Our Atlantic Ocean presents all the indications of a valley. 
It is as if a flow of eddying water« had been directed firät 
towards the north-east, then towards the north-west, and back 
again to the north-east. The paraUelism of the coasts north 
of 10° south latitude, the prq'ecting and receding angles, the 
convexity of Brazil opposite to the Gulf of Guinea, that ot 
Africa under the same parallel, with the Gulf of the Antilles, 
all &Tour this apparently specidatiTe view.J In this Atlantio 
Talley; aa is almost ererywhere the case in the configuraÜoD 
of huge continental masses, coasts deeply indented, and rich 
in islands, are situated opposite to those possessing a different 
character. I long since drew attention to the get^ostio 
impcntance of entering into a comparison of the western 
coast of Africa and of South America within the tropics. 
The deeply curved indentation of the African continent 

■ Of AMca, FUnr mitt <t. 1) " Keo alia -pm tensram pmelorei leciptt 
dnoa." The Eouül Indian peoinsitla on this «de th« uaiij;«» preiste, 
in its triingnlar outline, a third aaali^ai fornt. In ancient Oreece 
tlier« preraued an opinion of the r^nlar configaration of the diy Und. 
There «ere four gu1& or bays, omoog irlvich the Persian Gulf was placed- 
in opposition to Uie Hjrcanian or Caapian Sea, (Arriaji,TÜ. 16; Pint., In 
vita Altxaadri, cap. 44 ; Dionjs. Peritg., t. *8 and 880, pp. 11, 38, 
Beruh). Then four bays and the iathmuaes were, accorung to th» 
optical fanciea of Agesianai, mppoaed to be reäect«d in Ui« moon 
(Flut., lie Fade in orbem Lwue, pp. 921, IB). Bespectiug the terra. 
quadrifida, or four divieions of the di; lajid, of wlilch two lay north and 
two south of the equator, see Macrobina, Comni. in Somnivm ScijnonUf 
ii. 9. I hare submitted this portion of the geogrsph; of the ancients, 
regarding which great confusion prevails, to a new and careful eiamina. 
tion, in my Exain^ erit. de VHiet. de la Qiogr., t L pp. 118, 1*5, 180- 
186, ae abjo in Ane «no-., t. iL pp. 172-178. 

+ Fleurien, in Voyage de Mardumd oMUtur du Monde, t. iv. pp. 
SS-12. 

J; Humboldt, in fie Jovmid de Phyaiqut, liii, 17BB, p. 83; awl 
BA hitL, t U. p. 19, t. UL pp. 189, 198. 
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at Feraando Po, 4° 30 north latitude, is repeated on the 
eoast of the Pacific at 18* Id' south latitude, betrreeii the 
Valley of Arioa and the Morro de Juan Diaz, where the Peru- 
Tian coast suddenly changes the direction from south to north 
vhich it had preTiously followed, and inclines to the north- 
west This change of direction extends in hke manner to the 
chain of the Andes, which is divided into two parallel branches, 
affecting not only the littoral portions* but eren the eastern 
Corditleraa. In Üie latter, civilization had its earliest seat 
in the South American plateaux, where the small Alpine laJce 
of Titicaca bathes the feet of the colossal mountains of Snrata 
and Tllimaiii . Further to the south, from Valdivia and Chiloe, 
(40° to 42° south latitude,) through the Archipelago de lo» 
Chonos to Terra del Fuego, we find repeated that singular 
Gonfiguratiaa of Jvirds (a blending of narrow and deeply 
indented bays), which, in the Northern Hemisphere, charac- 
terises the western shores of Norway and SootWd. 

These are the most general considerations suggested by the 
etudy of the upper sur&oe of our planet with reference to the 
form of continents, and their expansion in a horizontal direc- 
tion. We have collected fiicts and brought ibrward some 
analeres of configuration in distant parts of the earth, but we 
do not venture to regard them as fixed laws of form. When 
the traveller on the declivity of an active volcano, as, for 
instance, of Vesuvius, examines the frequent partial elevations 
by which portions of the soil are often permanently upheaved 
several feet above their former level, either immediately pre- 
cediiw or durii^ the continuance of an eruption, thus forming 
rool'-hke or flattened sumiöils, he is taught how accylentai 
conditions in the expression of the force of subterranean 
vapours, and in the resistance to be overcome, may modify 
the form and direction of the elevated portions. In this 
manner, feeble perturbations in the equilibrium of the internal 

* Humboldt, in PoggendorCTB .ijnnobn (f«r PAy«t£, bd, il. s. 171. 
On the remarkable fiord fbrnuttion at the soiit!i.e«a( end of America, sea 
Darwin's Journal {N<i!rr(itii!e qf the Voyaget <jf the A dventure and 
Beagle, vol. iiL), 1S39, p. 26fl. The pajnllelimD of the two momilalit 
ctuiiiB is roaintuned from G° soath to &° north ^a,t The chsnge in tbe 
direcUon of the coast at Arioa appeals to be in conBeqnence of the tiered 
coniBo of the flKure^ abave irtuch th« CordUlem of the Andes has beei» 
Dpheaved. 
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«laaitie foroee of ov ^dutet may have inclined them moie to itt 
aorthcm than to its sonttiem diivctioii, and caused the eon- 
tinent in the cMtempartof the globe to preeent a broad moss, 
who«e mqor axiB ia abncet pusJlel with the Equator, whilst 
in the weetvm and ntore Dceanic port, the BOutha:ii extremity 
is extremely nsirow. 

Very littis can be empiiically determined regarding the 
CBUBid connection cf the {dteiunneraB of the fonnation of con- 
änenta, or of the analogiee and c<Hitraats presented hy their 
ecmfignistion. All that we know ^ega^diIlg this aobject 
restdves itself into this one pcnnt, that the active cause is snb- 
temmean, that oontinents did not arise at once in the faun 
they now preaent, but were, as we have already observed, 
increased by degrees by means of namerons oscillatory dera- 
tions and deprewitms ^ the »oil, or were Girmed by the fusion 
(tf separate smaller continental masses. Iheir preaent form is, 
therefore, the reaolt of two causee whitdi have exercised a god' 
■ecutive action the one on the other : the first is the expression 
«f snbtMrranean force whose direction we term accident^, owing , 
to our inability to define it from its removal from within the 
Sphere of our compcehensum; whilst the seoond is derived from 
forces acting on the sm&oe, mnongst which volcanic eruptions, 
Ü>ß elevation of ntonutains, and currents of sea water püy the 
principal parla. Uow totally different would be the cc»diti<m 
«f the temperature ctf the earth, and conaequcnÜT of the state 
«f vegetation, fatwbtmdry, and human society, if tiie major axis 
of the New Continent had the same directicm as that of the 
Old Continent; i^ for instance, the Cordilleras, instead of 
kaTing a soutiiem direction, incUned &om east to west ; if 
there had been no radiating tropical continent, like Africa to 
the sooth of Enrope ; and if the Meditenranean, which was once 
«mnected with the Caspian amd Bed Seas, and which has 
become so powcxfol a means of furthering the inter-commu- 
natioa of nations, had never existed; or if it had been elevated 
like the plains of Lontbardy and Cyrene? 

The changes of the reciprocal relations of height between 
flie fluid and solid ftartions of the Earth's surfitce, (change» 
which, at Üie same tune, determine the outlines of continents, 
and the greater or lesser Bubmersion of low lands), are to be 
WCribed to numerous unequally working causes. The most 
poweiivd have inconlestibly been the force of elastic r^HniiS 
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inalosed in &6 ioterior of the eEuth, the «udden change of 
temperature of certnm dense strata,* the unequal Beculsr loss 
of heat experienced by the crust and nadeus of the earth, 
occamouing ridges in the solid snr&ce, local modificatiaug of 
gravitation^ and as a consequence of these aherationB, in the 
curvature of a portion of the liquid element. According to 
the views generally adopted by geognoeifits in the present day, 
and which are supported by the obeervtitionof a series of irdl 
attested &cts, no tees than by anali^y with the most import- 
ant Toloanic phenomena, it would appear that the elevation of 
OontinentB is actual and not merely apparent or owing to 
the configuration of the upper aur&ce of the sea. The merit 
of having advanced this view belongs to Leopold von Buch, 
who first made his opinions known to the scientific world in 
the narratiTe of his memorable 2i-aveU through Norway and 
Swadm in 1806 and 16074 Whilst the whole coast of 

* Be la Bache, Str/Mnu and Vieu» Hhtsliraiiv« of Geological Phe- 
tuxnejio, 1830, tob. 40; Charles Babbage, OhaemcUiont an Oie Temple 
of Serapü at PassuoK, near Napla, and on certain Causa which 
may prodvee Cleolo(fieal O^dea tif great extent, I83i, "If a atratumof 
sandstone five miles in thioloisai, «Junild hare its («mperatuie raiaed 
about 11)0°, its turboeiroald rise S£ faeL Heated beds of clay voold, on 
thecontia^, o<KadoiL a einUng of Ibe groandbj' their contraction ;" see 
Bischof, Wärmdehre des lanem unseres Srdkörpers, b. 303, oonoeming 
the calcnlationa for the eecutar elevation of Sweden, on the supposition 
ai a rise by so small a quantity aa T° in a atrstnm of about 155,000 
feet in thlcknsM, and heated to a atate of foDOD. 

t ^e opinion eo implicitly entertained regarding the iniariability of 
the force of gravity at any given point of the eüth'e surface, baa in 
tome degree been controverted by the gradual riae of large portions of 
the earth'a «arfiu». See Be«el, Ueber Maas vnd Oemdit, in Schu- 
macher's Jakrbueltßtr 1S40, b. 134. 

:[ Th. ii (1810), a. S8B ; see HallatrSm, In Kongl. Vetenskapt-Aea- 
dtmiens HandUnffar (Stockh), 18S8, p. SO ; Lyell, in tba PkilM. 
Tratu. for 1S3E ; Blom (Amtmsim in Badakerrid), Slat. Betekr. von 
Nonnegen, 1843, %. 89-116. If not before Von Bach'a travels throngh 
Scandinavia, at any rate befbre their pcbUcatioa, Flayfiir, in 1802, 
In his iliustrationa of the Hnttonian theory, % 398, and according to 
Eeilhan (Oni Lrmdjordaa Sttffning in Norge,ia Übe Nyt Magazine for 
Nattmndenskabenu!), and Qie Dane Jessen, even before Üie time of Pl^- 
bir, bad eipressed the opinion that it waanot the aea which was sinking, 
but the solid land of Sweden which was rising. Their ideas, however, 
were wholly u^mown to onr grmt geoli»iet, and exerted no influence on 
Ae progress of physical geogrsphy. Jenen, in his work, Koitgeriftt 
NorgefremttHlet tfter dtU naturlvc <V 6ofV«rJVS V^itand, ^obedi^ 
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Sweden and Finland, from Sölvitzborg on tho limits of NmrÜi-i 
em Scania past Oefle to Tomea, and from Tomea to Abo, 
experienceB a graduU rise of four feet in a century, the soutli- 
cm part of Sweden is, according to Neilson, undergoing a 
simiiltaneous dejn^saioa.* The mariroom of this elcvatinK 
force appears to lie in the north of Lapland, and to diminiui 
gradually to the south towards Caun&r and Sölvitzboi^. 
Lines markiiig the ancient level of the sea in pre-historio timea 
ore indicated throughout the whole of fforway,! frtnn Capo 
XfindesnEBS to the extremity of the North Cape by banks of 
shells identical with those of the present seas, and which have 
Intely been most accurately examined by Bravais during his 
long winter sojourn at Bosekop. These banks lie nearly 650 feet 
above the present mean level of the sea, and reappear, accord- 
ing to Keilhau and Eugene Robert, in a north-north-west direc- 
tion on the coasts of Spitzbergen, opposite the North C^)e. 
Leopold von Buch, who was the first to draw attention to the 
high banks of shells at IVomsoe (latitude 69° 40'}, has, how- 
ever, shown that the more ancient elevations on the North Sea 
appertain to a diiferent class of phenomena from the regular 
and gradual retrogressive elevations of the Swedish shores in 
the Gulf of Bothnia. This hitter phenomenon, which is weU 
attested by historical evidence, must nut he confounded with the 
changes in the level of the soil occasioned hy earthquakes as 
on the shores of Chili and of Cutch, and which have recent^ 
given occasion to similar observations in other countries, lit 

ITS3, sought to explain the causes of the chang« in the relative levela 
of the land und ub, hasing his views ou the carl; caJcuUtions of Celaiui, 
Kalm, and Usiin. He broscheg some confuaed ideas regardiug the poe- 
sibilit; of an internal growth of rocks, but finally declaxee himself in 
farooT of an nplieaval of the land b; earthqm^ee, "slthough," he 
observes, " no such rieing was apparent immediaiel; after the earUujuakQ 
of J^enuud, yet the earthquake ma; have opened the ira; tor other 
cnuses producing auch an clTect." 

" 8m Beneliug, JaJtrgberidit Über die ForUchriOe der pkytisdiea 
Wits., So. IS, g. 680, The islands of Saitholm opposite to Copenhagen, 
imd BjumtioliD, however, rise but vet; little — BjSniholia Bcarcel; one foot 
in a century; see forähhammer, in Pkilot. Magadne, 3rd Serie«, 
vol. ii. p. 309. 

+ Keillura, in Nyt Mag. for SaL-wnid., 1832, bd. i., pp. 106—26*; 
bd. ii. p. fi7; Bcavais, Stef Ui liipta (Tancten niveau de la Iter, 
1343, pp. 16-40. See also Darwin " on the Faisllel Boadi of Oleu.-Boy 
^d Lochaber," in Phiioa. TroTa-for 1839. p. 60. 
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bos been found that a perceptible Binking resulting from, a 
diBturbanee of the strata of the upper surface Bometimea 
occurs, corresponding with an elevation elsewhere, as, for 
inatance, in West Greenland, according to Pingel and Graah, 
in Dolmada and in Scania. 

Since it is highly probable that the oscillatory movements of 
the soil, and the rising and sinking of the upper auifece, were 
more strongly marked in the early periods of our planet than 
at present, we shall be less surpris^ to find in the interior of 
continents some few portions of the Earth's surface lying 
below the general level of esistiw seas. Instances of this 
kind occur in the soda lakes described by General Andreossy, 
the small bitter lakes in the narrow Isthmus of Suez, (he 
Caspian Sea, the Sea of Tiberias, and especially the Dead 
Sea.* The level of the water in the two last named seas, is 
666 and 1312 feet below the level of the Mediterranean. If 
we could, suddenly remove the alluvial soil, which covers 
the rocky strata in many parts of the earth's surface, we 
should discover how great a portion of the rocky crust of the 
earth was then below the present level of the sea. TTie 
periodic although irregularly alternating rise and fall of the 
water of the Caspian Sea, of which I have myself observed 
evident traces in the northern portions of its basin, appears 
to prove,! as do also the observations of Darwin on the coral 

* Humboldt, ÄtU centrale, t. ii. pp, 819-324; t. iii. pp. 549-561. 
The depresaiou of the Dead Sea baa been Bacceaaivel; detennined b; the 
barometricst measurements of Connt Bertou, by the more careful ones of 
BuBBogger, and by the trigonometric»! survey of LienL Sjmond, of the 
Boyal Navy, who slates that the differenee of level between the aurface 
of the Dead Sea and the highest houses of Ja&a is about 1605 feet. 
Ur. Alderson, who commniiicaited this result to (he Geographical Society 
of London, in a letter, of the contents of which 1 was informed bj my 
ftiend Capt Waabingtob, was of opinion (Nov. 28, 1841), tbat the Dead 
Sea lay about 1400 feet under the level of (he Heditorrsnean. A more 
recent commonication of Lieut. Symond (Jameson's Edinburgh Neia 
Pkiloeophical Journal, vol. miv. 1843, p. 178,) pves 1312 feet as the 
fluAl reäolt of two very accordMit trigonometrical operations. 

+ 8uT la Mobäiti du /mul de la Mer Catpiejme, in my Aeie cenfa-., 
t iL pp. 283-284. The Imperial .Academy of acieooes of St Peten- 
buTgh, in 1S30, at my request, charged the teamed physicist Lenz to 
place marks indicating the mean level of the soa, for definite epochs, in 
different placed near Baku, in Ihe peninsnla of Absdieron. In the same 
manner, in an appendix hi the iustrocÜDna given t« Cnplala (now Sil 
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seas,* that iriäiont earthquakes, jovpraly so called, the surfiioe 
of the Earth is capaUe of the same gentle and pn%reM«e 
oscUUtiona, as those which mnst have prevailed so generaQj 
in iite earliefit ages, when the sur&ce of ihe hardening crast 
of the Earth was lesb compact than at present. 

The phenomena to which we wonld here direct attention 
nmind ue of tihe instability of the present order of things, 
and of the changes, to which the outlmes and configuration of 
continents are probably still subject at long intervale of time. 
That which may scarcely be perceptible in one generation, 
accumulates during periods of time, whose duration i» revealed 
to us by the movement of remote heavenly bodies, llie 
eaBtem coast of the Scandinavian Fttninauu has probaUj 
risen about 320 fbet in the space of 8000 years; and in 
12,000 years, if liie movement be regular, parte of the bottom 
of the sea which lie nearest the shores, and are in the present 
day covered by nearly fifty iathoms of water, will come to liie 
snrfiice and constitute dry land. But what are such intervals 
of time compared to the length of the geonostic periods 
revealcil to us in the stratified series of fijrmations, and in the 
world of extinct and varying organisms! We have hitherto 
only considered the phenomena of elevation ; but the anak^ee 
of observed fkcts lead us with equal justice to assume the 
poesibility of the depression of whole tracts of land. The 
mean elevation of the non-mountainous parts of France amounts 
to less than 480 feet. It would not, therefore, require any 
long period of time compared with the old get^nostic periods, 
in which such great chaises were brought about in Ihe 
interior of the Earth, to effect the permanent submersion cJ 
the north-western part of Europe, and induce eseentisl altar- 
ations in its littoral relations. 

Jam« 0.) Bon, for his Antarctic ezpediuon, I uiged tbe naaemtf of 
Mnrin^ jntAi to be cat in tbe rocks of tiu) Bontbeni bemiiphere, u tnd 
•liEKd; been done in Sweden and on the Bhores of tbe Caqiian Sea. 
Had tÜB mcuare been adopted in the early voyages of Bongainvule and 
Cook, we should now know wheUier the gemlar reUtJre changea in tbe 
level of the seas and land, are t« be conaidered aa a genenti, or merely a 
local nataral phenomenon ; and whether a law of direction can be le- 
cognized in the point« which have aimaltaneana elevation or depreanon. 
* On tbe elevation and deprBauon of tlie bottom of the Sontli Sea, 
and tlie different areas of altenute moTcment^ see Darwin'a Journal, 

■r^. m, &6i-fi(HL 
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The depresfflim and elevation of ate solid or fluid parta of 
üie Earth — phenomena which ate so opposite in their action, 
that Ute effect al elevation in one {art ia to produce an 
apparent depression in another,— are the causes of all the 
changea which occm' in the configuration of oontineitts. In 
a wotk of this general character, and in an impartial e^ioai- 
tion o£ the phenomena of nature, we qiust not ov^look the 
pQssibäity ai a. diminution of the quantitv of water, and a 
ooBstant depression of the level of seas. There can scareety 
be a doubt that at the period when the temperature of the 
sur&ce of the earth was higher, when the waters were 
endosed in laieer and deeper fissures, and when the atmo- 
^h£re possessed a totally different character &om what it 
does at present, great changes must have occurred in the 
level of seas, depending upon the increase and decrease of 
the liquid parts of the earth's sur&ce. But in the actual 
condition of our planet, there is no direct evidence of a teal 
continuous increase or decrease of the sea, and we have no 
proof of any gradual change in its level at certain definite 
points of observation, as indicated by the mean range <a 
the bannneter. According to espeiimentfi made by Daussy 
and Antonio Nobile, an increase in the height of the baro- 
meter would in itself be attended by a depreeräon in the level 
of the sea. But as the mean pressure of the atmosphere at 
the level of the sea ia not the same at all latitudes, owing to 
meteondogical causes depending upon the directLon of the 
vrind and varying degrees of moisture, the barometer alone 
cannot afford a certain evidence of the general chai^ of 
level in ihe ocean. The remarkable &ct that some of the 
ports in the Mediterranean were repeatedly left dry during 
several hours at the beginning of this century, appears to 
diow that currents may, by changes occurring in their 
direction and force, occasion a local retreat of the sea, and a 
permanent drying of a small portion of the shore, without 
being followed by any actual diminution of water, or any 
perman^it depression of the ocean. We must, however, be 
very cautious in applying the knowle^ie which we have 
lately arrived at, regarding these involved j^enomena, since 
we might otherwise be led to ascribe to water, as the elder 
dement, what ought to be referred to the two other elemenla 
^■^arth and air. 
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Ab the external configiu'ation of contineDte which we have 
already desci-ibcd in their horizontal expansion, exercises by 
their variously indented littoral outlines a fiiTOurable influence 
on climate, trade, and the pn^ress of civilization ; so likewise 
does their internal articulation, or the vertical elevation of 
the soil, (chains of mountains and elevated plateaux,) give rise 
to equally important results. Whatever produces a polymor- 
phic diversity of forms on the surfkce of our planetary habita- 
tion — such as mountains, lakes, grassy savannas, or even 
deserts encircled by a band of forests — impresses some peculiar 
character on the social condition of the mhabitants. Ridges 
of high land covered by snow impede interoourse; but a 
blending of low discontinued mountain chains* and tracts of 
valleys, as we see so happily presented in the west and south 
of Europe, tends to the multiplication of meteorological pro- 
cesses, and the products of vegetation; and ftora üb variety 
manifested in difierent kinds of cultivation in each district, 
even mider the same degree of latitude, gives rise to wants 
that stimulate the activity of the inhabitants. Thus the 
tiwfid revolutions, during which, by the action of the interior 
on the crust of the earth, great mountain chains have been 
elevated by the sudden upheaval of a portion of the oxidised 
exterior of our planet, have served after the establishment of 
rqwse, and on the revival of oi^anic life, to fiimish a richer and 
more beauti£il variety of individual forms, and in a great 
measure to remove from the earth that aspect of dreary uni- 
formity which exercises so impoverishing an influence on Ihe 
physical and intellectual powers of mankind. 

According to the grand views of Elie de Eeaumont, we 
m.ust ascribe a relative age to each system of mountain 
chains t on the supposition that their elevation must neces- 
•arily have occurred between the period of the deposition 
of lie vertically elevated strata, and that of the horizon- 

* Humboldt, .Sd. Aue., 1 ÜL pp. 232-234. See also the ablerenurka 
on tlie configuistion of the Earth, and the podlion of ita lines of eleva- 
tion, in Albrechta von Saoa, Orttndzügea der Erd VOlher tmä Slaatm- 
hind'., Abth. i 1837, s. 168, 270, 278. 

+ Leop. TOD Bach, Peter die geognotUacken Systeme von DeutaA- 
land, in his Ofogn. Briden an Alexandar von Humboldt, 182*, s. 26S- 
STl ; GUe de Beaumont, BedierAe» *ur let Sieolutiotu de la Smfaet 
du GU^, laaB, p^ 387-307. 
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tolly inclmed etratii numing at the base of the mountains. 
The ridges of tlie earth's cniat-^eTations of strata 'whicli 
are of the same get^ostic age — appear moreover to fol- 
low one common direction. The line of strike of the horizontal 
strata is not always parallel \nth the axis of the chain, tmt 
iateTsects it, bo that according to my views,* the phenomenon 
of ele^^tion of the strata, wMch is even found to be repeated 
in the nc^hbonrii^ plains, must be more ancient than the 
elevation of the chain. The main direction of tLe whole con- 
tinent of Europe (from south-west to north-east), is opposita 
to that of the great fissures which pass from north-west to 
south-east, from the mouths of the Rhine and Ell», throu|^ 
the Adriatic and Ked Seas, and through the mountain system 
of Putachi-Eoh in Luristan, towards the Persian Gulf and 
the Indian Ocean. This almost rectangular intersection 
of geodesic lines exercises an important influence on the 
commercial relations of Europe, A^a, and the north-west of 
Africa, and on the progress of civilization on the fonneily 
more flourishing shores of the Mediterranean.')' 

Since ^rand and lofty mountain chains so stroi^ly excite 
our jnu^imation by the evidence they afford of great terres- 
trial revolutions, and when considered as the boundaries of 
climates, as lines of separation for waters, or as the site of a 
different form of vegetation, it is the more necessary to demon- 
strate by a correct numerical estünation of their volimie, how 
small is the quantity of their elevated mass when compared with 
the area of the adjacent continents. The mass of the Pyrenees, 
fbr instance, the mean elevation of whose summits, and the 
areal quantity of whose base have been ascertained by accurate 
measurements, would, if scattered over the surface of France, 
only raise its mean level about 115 feet. The mass of the 
eastern and western Alps would in hke manner only increase 
the height of Europe about 21^ feet above its present level. 
I have found by a laborious investigation,}; which from its 

■ Hiunboldl, jlrie c«nfraZe,t. L pp. 277-283; see tiro mj Euai ma- 
le OUement dea Bochet, 1822, p. G7, and Selai. hist., t iii pp. 2U-2Sa. 

t Atieeenirak.t. ipp. 284, 286. The Adriatic Sea litewiM follow» 
a diceotion from 8.K to N.W. 

; Be la Kmiiatr m&yame de» ContinaiU, in my Agie centrale, t i 
pp. 82-SD, les-ise. The results which 1 have obtained, are to bo 
regarded as the extrem« value (poTnbret^itmta), LapUce's wtimate of 
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satatn can only give a maEinnim limit, tlutt die toitni^.Af 
grnvity of the Tolmoe of the land raised above tke preMat 
ferel of the sea in Europe and North America, is ireepentively 
aibMted at an elevation of 67 1 and 74B feet, while it is at 1 132 
and Ilfiä feet in Aaia and 'Sonth America. Theae niunbais 
idunr the low level of northem re^^om. In Ana the vast 
Steppes of Siberia are compensated for by the great «Wationa 
of the land (between th? Himal«7a, the North Thibetian 
ohain of Koues'lnn, and the Celestial Uountains), from 
SI" SC to 40° north latitude. We may to a oertoin ext^it 
tnoe in these numben the portions of the earth, in which die 
^ntcmie foroes were most intense^ maniieBted in the interior, 
t^ the upheaval of continental mawea. 

Ubib are no reason« why these plutonio forces may not in 
liitaive'agefl add new mountun-Byatems to Üiose whioh Elie te 
SeawDont has shown to be of soch difibrent agee, and indined 
ID floch difierent directions. Why should the cruet of the 
Mith have lost ita pn^wrty of being elevated in ri^^;««? 
The recently elevated ntountain-systems of the Alps and the 
CoidiUeras exhibit in Mont Blanc and Monte Rosa, in Sorata, 
Ulimnni, and OtimboraEO, «olossal elevations which do not 
tKnta tiie assninptton of a decrease in the intensity of tite 
enbterranean forces. All geognosdc phenomena incdcate tite 
periodic alternation of acting andn^Mse;* but the qiiiat we 
now ta^ay is only ^qnrent The tremldings which still 
agitate the mriace mider all latitudes, and in every species of 
rock, th« elevation of Sweden, the appearttnce of new islands 
at ffinption, are all oonclnsiTe as to the unquiet condition oi 
•or planet 

The two envelopes of the solid sur&oe of our planet— the 
litinid and ths aeri£>rm, — exhibit, owing to the mcrfitlilf ol 

the man height of continent«, at SS&O feet, U at Uaet three timee too 
high. The munortal aathor of the Mleani^e ceUate (t. v. p, 11), 
VM led to thlB conelMion by hfpotheücsl viewa aa 1« the mean depäi 
al the &:&. I fa»ye shown (Aaie eentr., t. i. p. 93,) that the old Alei- 
•adrian toaUmu^iana, on the teetinionf of Plotanjk (n jemUio 
Pmäo, dp. IS), beliartd this depth to depend on the bei^ of the 
M Wiata in« Th» helgfat of the centre of gnritf of the volome of the 
cuiUnentAl nusses Is proba^l; snbjecl to di^t vaiiaHona in the eonna 
«f man; emtorteB. 



bd.nv. ■.!-■£ 



* Ztaeittr guiteiili» Brief 
Ml SuuhoUt, in Fcsgandorfra 

D,gniod.,GoOgll 



PHYSICAI. SKOOBAFHT. 807 

,thdir partielM^'thMr t^rrente, and their atmoepherie relatiana, 
masy analogiee combined with the cantrasts which ariBc from 
the great diiFereiice in the condition of their aggregation and 
eUstnily. The depths of ooean and of air are alilie onknown 
to ne. At Bome few places under the txi^es no bottom has 
been found with «owidiiigB of 276,000 feet (or more thaa 
fbtir mile«); whilst in the tax, if according to WoUaston we 
may (umime 'Uut it has a limit from whii^ waves of sound 
may be reverberated, the phenomenon of twil^ht would incline 
us to assume a he^t at least nine times as great.* The 
«erial ocean rests pu^y tm the solid earth, whose mountain 
chains and elevated ^teaox rise as we have already seen 
lHai green wooded ehoala, and partly on the sea, whose sur- 
face forms a moving base on which rest the lower, draiser, 
imd more satm^ted stzata of air. 

Proceeding upwards and downwu^ from the common limit 
of the aerial and liquid oceans, we find that the strata of air and 
water are subject to determinate laws of decrease of tempera- 
ture. This decrease is much lees rapid in the air than in the 
sea, which has a tendency under all latitudes to maint^n ite 
temperature in the strata of water most eontiguous to the 
atmosphere, owii^ to the ainlring of the heavi^ and more 
cooled particles. A Urge series of the most earefiillj' con- 
ducted observations on temperatare shows us that m tlie 
ordinary and mean condition of its sur&ce, the occut from 
the equator to the forty-eighth degree of north and south 
latitude is somewhat warmer tban the adjacent strata of air.f 
Owing to this deccease of temperature at increwing depths, 
fishes and other inhabitants of the sea, the nature of whose 
^gestive and respirati^ otgans fits them for living in deep 
water, may even under the tropics find the low degree of 
tenqmrature and the coolness of t^imate characteristic i^ more 
temperat» and more northern latitudes. This ciroumBtance 
which is analogous to the prevalence of a mild and even cM. ; 
air on the elevated plains of the torrid zone, exercises a special 
influence on the migration and gei^rapliical distribution of 
many marine animals. Moreover, the (kpths at which fishee 
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live, modify, hy the increase of preaanr«, tlieir cataneoiM 
respiratiou. and the oTcygenous and Ditrr^enoiu contents of 
Üieir Bwinuning bladders. 

Ab fresh, and salt water do not attain the maximum of their 
density at tlie some degree of temperature, and as äie Baltneei 
of the s^a lowers the tnennometrical degree conesponding to 
this point, we can -understand how the water drawn fiwi 
great depths of the sea ddring the voy^eg of Kotzebue and 
Dupetit-Thonars could have been found to have only the 
temperature of 37° and 36''5. This icy temperature of sea 
water, which is likewise manifested at the depths of tropical 
seas, first led to a study of the lower polar currents, irtiich 
move from both poles towards the equator. Without these 
submarine currents, the tropical seas at those depths could 
only hare a temperature, equal to the local marimnm of cold 
possessed by the falling particles of water at the radiating and 
cooled sur&ce of the bopical sea. In the Mediterranean the 
cause of the absence of such a re&igeration of the lower strata 
is ingeniously explained by Aiago, on the assumption that t^e 
entrance of uie deeper polar currents into the Straits of Gib- 
raltar, where th6 water at the sni&ce flows in from äie 
Atlantic ocean from west to east, is hindered by the submario« 
counter currents which move from east to west, bom the 
Mediterranean into the Atlantic. 

The ocean, which acta as a general equaliier and moderator 
of climates, exhibits a most remarkable uniformity and con- 
stancy of temperature especially between 10° north and 10° 
south latitude,* over spaces of mnny thousands of sqnare 
miles, at a eUstancc from land where it is not penetrated 
by currents of cold and heated water. It has, there- 
fore, been justly observed, that an eiact and long contänued 
investigation of these thermic relations of the tropical 
seas, might most easily afibrd a solution to the great and 
much contested problem of the permanence of climates and 
terrestrial tempeiatuies.t Great changes iu the luminous disc 

* See the Bcriea of observations made bj me In the South S<!a, ftooi 
0' B' to 13° 16' N. lat, in my AiU cmlrak, t lit p. 23*. 

f " We mi^t (b7 means of the temperature of the oceaa under the 
tropics) enter into the conuderatlon of a question wliich liai! btthert» 
remained onBnawered, namely, that of the constent^ of teireBtrial tem- 
peratures, irithout taking into acconnt the yeij circumscribed local 
inQacuce» iirising from the dimiuatioa of irood in the plains and «a 
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«f the sun vould, if tliey wer« of long duratioa, be reflected 
with more certainty ia tne mean temperature of the Bea, than 
iu that of the Eiolid land. 

The zones, at which occur the maxima of the oceanic 
temperature and of the density (the saline contents) of its 
waters, do not corres^rond with the equator. The two 
maxima are separated from one another, and the waters of 
the highest temperature appear -to form two nearly parallel 
lineE north and south of the ee<^;raphical equator, i Lenz, in 
his voyage of circumnavigation, found in the Pacific the 
maxima of density in 22° norät and 17° south latitude; 
whilst its nnin i miim was situated a few degrees to the south of 
the equator. In the region of calms the solar heat can exer- 
cise but little influence on evaporation, because the stratum 
of air impregnated with saline aqueous vapour, which rests on 
the surface of the sea, remains still and imchauged. 

The suriace of all connected seas must be considered as 
having a general perfectly equal level with respect to their 
mean elevation. Local causes (probably prevailing winds and 
ourrents) may however produce permanent although trifling 
changes in the level of some deeply indented bays, as for 
instance the Bed Sea. The highest level of the water at the 
Isthmus of Suez is at differeut hours of the day from 24 to 
30 feet above that of the Mediterranean. The form of the 
Straits of Bab-el-Mandeh, through which the waters appear to 
£nd aa easier ingress than egress, seems to contribute to this 
lemarliable phenomenon, which was known to the ancients.* 
The admirable geodetic operations of Corabceuf and Delcrois, 
show that no perceptible difibrence of level exists between the 
upper sur&ces of the Atlantic and the Mediterranean, along 
ue chain of the Pyrenees, or between the coasts of northern 
Holland and Meiseilles.f 

monntaine, and ilie dijiog up of irikea and marehei. £ach age mi^t 
eadly bansmit 1« the succräding one some few data, which nonld 
periutpa furniah uie moBt aimple, exact, and direct means of deciding 
whether the aun, which is almoiit the sole and excluaive source of the 
beat of onr planet, changes its phjdcal constitution and splendour, like 
the greater number of the stars, or whether, on the contraiy, that lumi- 
nary has attained to a permanent condition." — Aiago, in the Ctimplu 
rendua dee Statue» de VAcad. des Sdencee, t xl. pt 2, p. SOU. 
. * Humboldt, A»ie centrale, t. ii. pp. 321, 327. 
t S«« the niunerieal result^ iu pp. S2fr-838 of the Tolnme Jolt 
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Difltorbancea of eqniHbrium and «»■e<|ueiLt i 
the waters are partly irregular and traxmtixy, dependent upon 
innda, and producing waves which sometiaies at a dietanoo 
from the shore and during a Btorm rise to a height of more 
tiun 35 feet; partly regular and periodic, occasiOBred by tlia 
position and attraction of the bus and moon, as the ebb anä 
Sow of the tides ; aod partly permanent, althou^ lea» intense, 
oeourring as oceanic currents. The phenomena of tides which 
prevail in all sess (with the exception of the smaller obm that 
are completely closed in, and where the ebbing and flowing 
waves are scarcely or not at all perceptible) have been p»fecüy 
explained by the Newtonian doctrine, and thus brought 
"within the domain of necessary bets." Each of these 
periodically recurring oscillations of the waters of the sea 
has a duration of somewhat more than half a day. AU 
though in the open sett ihsy scarcely attain an elevation of 
ft few feet, they often rise considerably h^her where the 
waves are opposed by the ccai^guration of t£e shares, as &r 
instance, at St. Malo and in Nova Sootia, where they reaeh 
Ibe respective elevations of 50 feet, and of 65 to 70 feet. " It 

■mdmL From tlia geodosioal lerellinga which, at my request, my frien4 
Qeneral Bolivar saused to be taken by Lloyd and Fahnarc, ia the yem 
1S28 aJid 1829, it wa? aacertained tiiat the level of the Pacific is at the 
ntmoat 3} feat higher than that of the Caribb«aa aea ; and even that 
at different honiB of the day each of the »eaa is ia turn the higher, 
according to tjielr reHpective boun of flood and ebb. If ve reflect^ tbat 
la. a dUtAuce of 64 milei^ comiHiHiag; S33 statüonB of aiMsrration, aa 
«ror of three feet would tie very apt to occm, wa way say that ia IJieee 
Mw operations we have forlliet confirmation of the equilibrium of th; 
w»i«ti wMch communicate round Cape Horn (Arago, in the Annuaire 
du Bureav dea Loagäudea pour 1831, p. 819). I had inferre«^ 
from bariHaetriosl obBSrrationB instituted in 1799 and 1304, tbat 
]f there were any difference between the level of the Paoifis and Ute 
AtUatic (Caribbean Sea), it canld not exceed throe metres (nine 
ftet three inches) ; sea my Belat. hist., i. til. pp. 585-557, aod 
Annalea de Chimit. t. i. pp. 66~64. The measunmenta, irtiich itppeu 
I» estAblieh sa eicea of height far the waters of tiis Oolf of Haxieo; 
and for those of the northern part of the Adriatic Sea, obtuned by ai>m- 
Uningttie trigonometrical oparaljonaof Delcmiaand Chop^nn withihoa* 
•f the Swiu mA Austrian engineers, we opwi bi> mtaf doubta. Tfiitwitb. 
•tanding the form of the Aibiatic, it is improbable thai Ilia level of ii> 
waters in its ncrtitein portian ghould bo 28 feet higher than that of ttas 
Hediterrsneaa at Maneillee, mid 2S feet hi^isr than the level of Um 
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]iw bnea Amm. by the aaalysia <rf üie great geometriciaa 
loplace, that suppoBing die depth to b« wholly inconsiderable 
when compared with the ladiue of the eartL, the stability of 
the eqiülibriuin of lie sea requires that the denwty of its 
fluid should be ieea than that of the earth; and as we have 
already secoi, the ea>:th'a density ia in fact five times greater 
than that of water. The ele-vated parts of the land cannot 
thnvibre be overflowed, nor can the remains of marine 
animals found on the smmnits of mountains, have been oon- 
veyed to those localities by any preyious high tides."* It is 
no ^ght evid^ice of the impcäiiance of analysis, which is too 
often regarded with contempt amongst the unscientific, that 
Laplace's perfect theory of tides has enabled us in our astro- 
nomical epb^neridee, to predict the bei^it of qtring-tides at 
the periods of new and fiiU moon, and thus put t^ inhabitants 
■rf the sea shore on their guard against the increased danger 
attending Ihese hmar revtSutions. 

Oceanic currents, which exercise so imptwtant an influence 
cm the intercourae of nations and on the climatic relations of 
a^acent coasts, depend conjointly upon various causes, difier- 
ing alike in nature and importance. Amongst tbese we may 
reckon the periods at which tides occur in their progress round 
the earth.; the duration and intensity of prevailuig winds; Üie 
modifications of density and specific gravity iriiich the particles 
of water imd^^ in conset^uraice of di&renccs in the tem- 
praatiire and in the relative quantity of saline contents at dif- 
ferent latitudes and depths ; f and lastly, the horary variations 

* Bsnel, U^ier Mtdh und S^, in Hahnmacbai^ JaJiHtuA, ISSS, 

B. 225. 

i* Tha relative denai^ of tha portiiJes of v>l«r depands aimuHa- 
neonalj on tha temperature and on the unount of tba aaJine contents, — a 
circumstance tlmt im not auffidently borne in tnind in conudering the 
oauae of cnrrents. The subrnftrine current, irtiich brings the cold p(dBr 
water to the equatorial regiona, would follow »a eucCl; oppost« oouie^ 
Ümt ie tti saf, from the equator towards the poles, if the difference in 
nline contenlH wen alone concented. Td this view, the geogntphioal 
distribotion of lempemture and of density in t^e trätei of Uia ocean, 
ander the diflerant Eones of latitude and longitude, is of great import- 
■use. The nomeioua obsarradooa of Lenz (Po^eudorff'a AnnaleH, 
bd. XX. 1^830, a. 129), and those of CE^tain Beechey, coUeded in his 
Voyage to the Pae^, to], ü p. T27, deaerre particular attention. 3m 
Homboldt, Silat. hitt., t. i. p. "li, and Aait cttUraie, t. lii. p. 3C8. 
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ot the atmondierie preHDi«, KicceamTdy jHopi^Ued from east 
to «est, and occarriog with sodi regularitr m the tropes. 
Diese cmrraits presait a remarkable spectade ; like rivers of 
uniform ln«adth, they ctoBS the sea in difl^ent directicHis, whilst 
the adjacent strata of water which remain nDdisturbed form, as 
it were, the banks of these moving streams. This difference 
between the moving waters and those at rest, is most strildiigly 
Bumifested where long lines of sea weed borne onward by the 
euirent, enable us to estimate its veloci^. In the lower 
strata of the atmosphere, we may sometimes daring a storm 
observe similar phenomena in the limited aerial current, 
which is indicate by a nairow line of trees which are often 
found to be overthrown in the midst of a dense wood. 

The general movement of the sea tram east to west between 
the tropics (termed the equatorial or rotation current), is con- 
sidered to be owing to the propagation of tides and to the tzade 
winds. Its direction is changed by the resistance it experi- 
ences &onL the prominent eastern i^ores of continents, llie 
results recently obtained by Daussy regarding the velocity of 
this current, estimated from observations made on. the dis- 
tances traversed by bottles that had purposely been thrown 
into the sea, agree within one-eighteenth with the velocity of 
motion (10 French nautical miles, 952 toises each, in 24 hours) 
which I had found from a comparison with earlier eiperimenta.* 
Christopher Columbus during his third voyage, when he was 
seeking to enter the tropics in the meridian of Tenerifie, 
wrote in his journal as foUows; \ "I regard it as proved that 
the waters of the sea move from east to west, as do the 
heavens {la* aguat van eon lot cielot), that is to say, like the 
apparent motion of the sun, moon, and stars." 

The narrow currents or true oceanic rivers which traverse the 
sea, bring warm water into higher and cold water intji lower 
latitudes- To thefirstclassbelongstheceiebrat^gulf stream^ 

* Humboldt, A<^ Atrt., 1 1 p. 64 ; ytmnetta Annaka da Voyas/a, 
1889, p. 255. 

t Hniaboldt, teamen eril. de FhUl. da la Gtogr., t. iii. p. 100. 
Colnmbiu adds shortlj after, (Nararrete, CoUcäon de lot viagea y de-- 
acubrimiaiio» de lot E»panola, t. i. p. 260,) that the morcuient is 
■trongeat in the Csribbetn tea. In fact, Bennell terms this region, " not 
a current, bat a sea in motion" (/nnHtva'ton ofCmrtnU, p. 9S). 

; Homboldt^ £cam«n entiqnt, L iL p. 260; BOoL hut., t. i. 
pp.es-74 
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vhich was known to Anghiera,* and more especially to 
Sir Humpkrey Gilbert in the üxteenth century. Its first 
Impulse and origin is to be sought to the south of the Cape of 
Qood Hope; after a long circuit it pours itself from the Ca- 
ribbean sea and the Mexican Gulf, Üiroug^ the Struts of 
the Bahamas, and following a course from south- south-west 
to north-north-east, continues to recede from the shores of the 
United States, until Airther deflected to the eastward by the 
banks of Newfoundland, it approaches the European coasts, 
frequently throwing a quantity of tropical seeds {Mimota 
scandem, GuUandina bonduc, JJoHcAoi uren»,) on the shoies 
of Ireland, the Hebrides, and Norway. The north-eastern 
prolongation tends to mitigate the cold of the ocean, and to 
ameliorate the climate on the most northern extremity of 
Scandinavia. At the point where the Gulf stream is deflected 
from the banks of Newfoundland towards the east, it sends off 
branches to the south near the Azores.! This is the situation 
of the Sargasso Sea, or that great bank of weeds, which so 
TiTidly occupied the imagination of Christopher Columbus, 
and which Oriedo calls the sea- weed meadows. (iVoeforio* de 
t/erva.) A host of small marine anininlii inhabits these gently 
moved and evergreen masses of Fucui naians, one of the 
most generally distributed of the social plants of the sea. 

The counterpart of this current, (which in the Atlantic 
Ocean between Africa, America, and Europe, belongs almost 
exclusively to the northern hemisphere,) is to be found in the 
South Pacific, where a current preyails, the efifeet of whos« 
low temperatore on the climate of the adjooent shores, I bad 
an opportunity of observing in the autumn of 1 802. It brings 
the cold vraters of the high southern latitudes to the coast of 
Chüi, follows the shores of this continent, and of Peru, first 
from south to north, and is then deflected from the bay of 
Arica onwaraa from south-south-east to north-north-west. 
At certain seasons of the year the temperature of this cold 
oceanic current is, in the tropics, only 60° whilst the undis- 
turbed adjacent water exhibits a temperature of 81°'6 and 
63"'?. On that part of the shore of South America, south of 

* FetnuiHsrtyrdej^iigtüeia,^£e&u*OoeanfcüelOrI« JTinw.Baft, 
152S, Dec iiL lit>. vi. p. ST. Bee Hmnboldt, Bixemtn entiqa«, U iL 
pp. 264-2fiT, and t la p. 108. 

t Homboldt, Bamta erit., t. ill j^ 64-100. 
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P&yta, which inclinei fiulliest westward, die current is md^ 
denlj deflected in the lame direoiaoD from the riiore. tnming 
so Miarply to the west, that a Mp tailing nartfaword pBoaes 
suddenly Iroia eold into warm water. 

It is not known to irbat depäi cold and warm oceaaie cnr- 
nat» propagate their motion; but the deflection experienced 
by the aoutfa African cmrent, from the Legullos bank, which 
is Ailly from 70 to 80 fitthomB deep, would seem to imply the 
euBtence of a iax extending propagation. Sand banks and 
ehoalg lying beyond the line of these currenta may, as w» first 
discovered by the admimble Benjamin Franklin, be recognized 
by the coldness of the water over tliem. This depieteion of 
the temperature appears to me to depend upon the &ct that 
by the propagation of the motion of the sea, deep vatara rise 
to tiie margin of the banks and mix with the upp^ strata. 
My lamented fiiend, ^ Humphrey Davy, ascribed this pheno- 
menon (the knowledge of which is often irf great practical 
utility in securing the safety of the nafigator) to the descent 
of the particles of water that had been cooled by nocturnal 
radiation, and which r«nain near»" to the sur&ce owing to 
tile hinderance ploeed in the way of their greater descent by 
the intervention of sandbanks. By his observations Franklin 
may be said to have converted tiie thermometer into a sonnd- 
ii^ line. Mists are frequently found to rest over these depths, 
owii^ to the condoitsation of the vapour of the atmosphere by 
the cooled waters. 1 have seen snch mists in the south of 
Janmico, and also in the Pacific, defining with sharpness and 
eleamese the form of the shoals below them, spearing to 
the eye as the aerial reflection of the bottom of the sea. A 
stiil more striking efibct of the cooling ppodnoed by shoals 
is manifested in the higher strata of air, in a somewh^ analo- 
gous manner to that observed in the case of ßßt oond reefa, 
or sand islands. In the open sea &r from the land, and when 
the air ie c^m, clouds are often observed to rest over the spots 
where shoals are situated; and their bearing may then be 
taken by the compass in the same moiuier as that of a high 
mountain or isolated pesk. 

Although the surface of tiie ocean is less rich in living forms 
fhtui that of continents, it is not improbable that on a further 
investigation of its depths, its interior ma.y he found to possess 
a greater richness of <nganic life than any othat portion of oof 
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l^bmet. Charie« Danrin, in the agreeaUe narrative of his 
exteasiyeyoyages, jnstly remarks that o«r ftiresti ijo not conceal 
Ro many animala as the low woody regions of the ocean, where 
the sea weed rooted to the bottom, of die aJioals, and tbe 
severed bnmidiee of fuel looeened by the force of the wstcb 
and currents, aod swimming free, nnfoM their delicate foliaga 
upbonte by air-cells.* The application of Üie microscope 
in<»«aeefi, m the most etriking manner, onr impression of die 
rich luxuriance of luiiTnal life in the ocean, and reveals to the 
astonished senses a conaciousness of the unirersality of life. 
In the oceanic depths fin* exceeding the heiriit of onr loftiest 
mountain chains, every stratum of wat«i is aniniated witli 
polygastric sea worms, cyclidise, and ophrydinse. The waters 
swarm with counüess hosts of small luminiferons animalcules, 
mammaria (of the order of acalephte), ranstacea, peridi- 
nea, and circling nereides, which when attracted to the surihce 
by peculiar mct«otol(^icBl conditions, convert every wave into 
a foaming band of flashing light. 

I^e abundance of these marine animalcoles, and the animal 
matter j-ielded by their rapid decomposition, are so vast that 
the sea water itself becomes a nutrient fluid to many of the 
larger animals. However much this nchness in animated 
forms, and this multitude of Üie most various and highly 
devdoped miorosoopic o^;anisms may agree^ly excite the 
&ncy, the imagination is even more seriously and I m^ht say 
more solemnly moved by the impression of boundlessness and 
immeasurability, which axe presented to the mind by every 
sea voyage. All who posses« an ordinary degree of mental 
activity, and delight to create to themselves an inner world 
of thought, must be penetzated with the sublime image of the 
infinite, when ganing aronnd them on the vast and boundless sea, 
when involuntarily the glance is attracted to the diitant horizon 
where air tuad water blend together, and the stars condnually 
rise and set before the eyes of the mariner. This contem- 
plation of the eternal play of the elements is donded, like 
every human joy, by a touch of sadness and of longing. 

A peculiar predilectian fbr Üi» sea, and a gr&tdiil remem« 

Lomum, 1842. AIm, iiTarra/iM iff (A« Surveying vogag« qf SJV^ 
"ifj/' in tAe Eatiem Archipelago, dttring the yean 18f2---lSlS, I^ 
J. B. Jukes, NBtmalist (a the ezpeditian, 1817.}— TV. 
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brasce of the impression which, it has excited in my mind, when 
I have seen it in the tropics in the calm of noctumal test, or 
•u the fiiry of the tempest, have alone induced me to speak of 
the individual enjoyment afforded by its aspect before 1 
entered upon the consideration of the ihvourable inSuence 
which the proximity of the ocean has incontiovertibly exer- 
cised on the cultivation of the intellect and chameter of many 
natioDS, by the multiplication of those bonds which ought to 
encircle the whole of humani^, by affording additional means 
of arriTing at a knowledge of the configuration of the earth 
and furthering the advancement of astronomy, and of all other 
mathematical and physicnl sciences. A portion of this influ- 
ence was at first limited to the Mediterranean and the shores 
of south-western Africa, but from the sixteenth century it has 
widely spread, extending to nations, who live at a distance 
&om the sea in the interior of continents. Since Columbus 
was sent to " unchain the ocean,"* (as the unknown voice 
whispered to him in a drenm when he lay on a sick'bed near 
the River Belem) man ban ever boldly ventured onward towards 
the discovery of unknown regions. 

The second external and general covering of our planet, the 
aerial ocean, in the lower strata, and on tae shoals of which 
we live, presents six classes of natural phenomena, which 
manifest the most intimate connection with one another. They 
are dependent on the chemical composition of the atmosphere, 
the variations in its transparency, polarisation, and colour, its 
den^ty or pressure, its temperature and humidity, and its 
electricity. The air contains in oxygen the first element of phy- 
sical animal life, and besides this benefit it possesses another 
which may be laid to be of a nearly equally high character, 
namely, that of conveying sound — a faculty by which it like-, 
wise becomes the conveyer of speech and tbe means of com- 
municating thought, ana consequently of maintjiiiiing social 

* The voice addressed him in these words, " HaravillosameDl« Diw 
hizo lonsrta nombre ea la tierra; de loa ataimeiitoa de U nisr Oceana, 
que estabaa censdoB con cadenas Un fuertei, te diS laa Haves" — " Qod 
vlll cause th; name to be -wondeifbll; resounded throngh th« earth, and 
give thee (lie key» of the gales of the ocean, whiuh are closed iritli 
strong ch^ns." The dream of Colambas ie related in the letter to ths 
Osthcdic monardu of Jnlv the Tth, IGOS äomboldL £kamt» critiaue, 
t.tiLp.384.) 
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intercourse. If tbe Earth vrere deprived of an atmoaphere, es 
we suppose our moon to be, it would present itseÜF to our 
im^ination as a soundless draert. 

The relative quantities of the substances composing the 
strata of air accesnble to us have since the beginning of the 
nineteenth century, become the object of investigationB, in 
which Gay'Lussao and myself have taken an active part; it 
is, however, only very recently that the admirable labours of 
Dumas and Boussingault have by new and more accurate 
methods, brought the chemical analysis of the atmosphere to 
a high degree of perfection. According to this analysis, a 
volume of dry air contains 20'8 of oxygen and 79-2 of nitrogen, 
besideB from, two to five tboosaudth parts of carbonic acid 
gas, a still smaller quantity of carburetted hydrogen gas,* 
and, according to the important experiments of Saussure and 
Liebig, traces of ommoniacal Taponra,f from which plants 
derive their nitrogenous contents. Some observations of Lewy 
render it probable that the quanti^ of oiygen varies percep- 
tibly, although but slightly over tne sea, and in the interior 
of continents, according to local conditions, or to the seasons 
of the year. We may easily conceive that changes in Ibe 
oxygen held in solulion in the sea, produced by microscopic 
animal oi^anisms, may be attended by alterations in the 
strata of air in immediate contact with it-J The air which 
Martins collected at Paulhom at an elevation of 8767 fbet, 
oont^ned as much ox^en as the air at Paris. § 

The admixture of carbonate of ammonia in the atmosphere, 

* Baus^ngault, Seehtrehtt mr la eomp<mtion de rAtmoiphire, In 
the AntuUeade Ohimieet de Physique, t. Mi, 188*, pp. 171-173; and 
Ixzi. 1839, p. 116. Accordiog Ut BooB^iigwiIt ttndLewy, the propor- 
tion of csrbomc seid in the atmosphere at Audill^, at a distance, there- 
fttn, from the eihalaUona of a city, viried only between O-OOOSS twd 
0-00031 in TOiume. 

i- Liebig, in hia important work, entitled. Die orgaititAe Ckemie in 
ihrer Anwendung attfAipiciiUtir und Phytioloffie,lS4ll,B. 62-12. On 
the inSuence of etmospheric electricit; in the prodnction of nitnte «f 
ammonil^ irMch coming into contact with carbonate of lime, is changed 
into carlionale of ammonia, see Bonnlngaalt's Eamomie rurale conn- 
dirie dans ea rapporU axec la Chimie et la MUtorologit, 1S14, t. ii. 
pp. 247, 267, and t i. p. 8*. 

X Low;,in tbe ConiptMrnuIiudeMcaiJ. da^aenc&!,l rrii. pt 2, 
pp. 285-2*8. 

g Danuu, in the Amudt» de Chänie, 3e Sine, t IIL 1841, p. 2G7. 
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may probably be considered m older thm the existenee of 
O^amc beings on tlie eur&ce of tbc eartii. The Hourcea from 
wMch carbonic acid* may be gelded to tbe fttmosphere, an 
most muneroiu. In the first place we would mentitHt the 
lespiratioa of BPimala, who receive Üie carbon which th^ 
inhale from Tegetable food, whilst vegetaUea receive it &om, 
the atmoaphere ; in the aext place, carbon is summed frota the 
interior af the earth in the Ticinity of ei^aosted volcanoes and 
thermal springe, from the decomposition of a small quantitr of 
carburetted hydrogen gaa in the atmosphere, and from the eleo- 
trie dischai^et of clouds, which are of such firequent occiuKfioe 
within the tropics. Besides these substances which we have 
considered as appertiuning to the atmosphere, at all heights 
that are aocesaible to us, Üiei« are othei? accidentallj mixed 
with them, eroecially near the ground, which sometinieB in 
the form of miasmatic and gaseous oontagia, exercise a noxious 
influence on nnimul organisatioii. Their chemical nature has 
not jet been ascertained by direot analgia; but frvm the con- 
sideration of the processes of decay which are perpetuallv 
going on in the animal and vegetable substances wi^ which 
the surface of our planet is covered, and judging from analo- 
ges deduced from the domain of pathok^, we are led to 
infer the existence of such norious looal admixtures. Ammo- 
niaeal and other nitrogenous «apouia, sulphuretted hydrogen 
gas, and oonqwunds analc^us to the polybasic tenuiry and 
quaternary combinatioiiB of the vegetable kingdcmi, may pro- 
duce miasmata,! which under various forms may generate 
ague and typhus fever (not by any means exclusively on wet 
mardiy gionnd, or on coasts eovared by putrescent molluscs. 
Bad low bneikes of BMxopbora maj^le and avicemiia.) Fc^, 
which have a peculiar smell at some seasons of the year, 
remind ns of mese accidental admixtures in the lower strata 



exbolaUon of caPbonic seid b; phnts 
daring th« nigbt, wUkt the; iidisle oxTgen, is not taken into a«coant^ 
beciQBe the htenass oT oarbasic add bma this souree in amply conntor- 
iMlflneedbjthensiiAlwtoTfprecenofpIantsdDrbtgtheda;. SeeBonsln- 
guilt's Bton. mrnl^ l l. pp. SS-«g, m& Uebig'i Ortänüehe Chemie, 
n. 16, SI. 

+ Qa-j-hoiae, in Annaki de Chimie, t liii. p. 120 ; Psyeo, ittTM. 
" r la comiiMiMMi tAimi^w dta VigÖatoi, pp. S6, iS ; Liebtg, Org, 

«niie, E. 22S-31£ ; r ■■ " - • — 



Chemie, b. SZdSiS ; Booa^ngsalt, Emu. niraU, 1 L pp. 142~lfiS. 
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of the atmoaphere. Winda and currents of air caused by Ute 
heating of the ground even carry up to a considerable elci^ation 
solid substances reduced to s, fine powder. The dust which 
darkens the air for an extended area and falls on the Cape 
. Verd Islands, to which Darwin has drawn attention, contains, 
^BeoDidijRg to Ehienberg's discovery, a host of siliceous shelled 
iniusoria. 

As principal features of a general descriptive picture of 
the atmosphere, we may enumerate: — 

1. Variations of almoipheric pressure: to which beloi^ the 
horary oscillations, occurring with such regularity in the 
tropics, where they produce a kind of ebb and flow in the 
atmoephere, which cannot be ascribed to the attraction of the 
moon,* and which differs so considerably according to geogra- 
phical latitude, the seasons of the year, and the elevation above 
the level of the sea. 

2. Climatic 4islriiulioii of heal, which depends on the relative 
position of the transparent and opaque masses (the fluid and 
solid parts of the sumce of the earth) and on the hypsome- 
tricol configuration of continents — relations which determine 
the geographical position and curvature of the isothermal 
lines (or curves of equal mean annual temperature) both in a 
horizontal and vertical direction, oi on a uniform plane, or in 
different superposed strata of air. 

3. ITu (&stribution of the humidity of the atmosphere. The 
quantitative relations of the humitUty depend on the differ- 

' encGS in the soUd and oceanic surfaces — on the distance fi*om 
the equator and the level of the sea — on the form in vrhich the 
aqueous vapour is precipitated, and on the connection exist- 
ing between these deposits and the changee of temperature, 
and the direction and succession of winds. 
■"4. The tlectrio eondiiitm of the atmosphtre. The primatr 
cause of this condition« when the heavens are serene, is still 

* fioirrarä, bjihsipitiestlonof thefbimnliB, in 182T, irtiich Lapltec 
had deposited iritk tin Board of LongitiMle ^ortl}' before hU deatli, 
ftHiBd Uuit the poFUon of tJie hoiary osculations of the preaBore of Ihe 
sfauoiphere, which depends on the aCtiaction of the moon, cannot rsilse 
Ihe mercuiy in the barometer at Paria more than the 0(118 of a milli- 
metre ; ifhilit eleven ;ean' obaerrationa at the suae place ehon the 
mean banmietrie aBeillatiim, from 9 a.ii. to S p.u., to be 0'7S6 mllHm., 
■ad from S t.u. to 9 r.v., 0-873 millim. ; wn Mtmoiret <h VAead. dta 
Setemx», 1 Tii. 18ST, p. 207. ~ ' 
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mucli oontestad. tTnder Üiia head we must oonräder Üx rela- 

t!oii of ascending Tapours to the electric charge and the form, 
of the clouds according to the different periods of the day and 
year, the diäbreace betvreen the cold and varm zones of the 
earth, or low and high lands; the frequency or nui^ of 
thnnder storms, their periodicity and formation in summer 
and winter; the causal oonuection of electricity with die iu^ 
frequent occurrence of hail in the night, and with the pheno- 
mena of water and sand spout«, so ably investigated by Peltier. 

The horary oscillations of tlie barometer which in the 
tropics present two maxima, (viz., at 9 or 9j a.m., and lOJ or 
lOg P.M., and two minima at 4 or 4J p.x., and 4 a.m., occur- 
ring, therefore, in almost the hottest ond coldest houre,) have 
long been the object of my most careful diurnal and nocturnal 
obeervations.* Their regularity ig so great, that, in the day- 
time especially, the hourtaay be ascertained from the height 
of the mercurial column without an error, on the average, of 
more than fifteen or seventeen minutes. In the torrid zones 
of the New Continent, on the coasts as well as at elevations 
of nearly 13,000 feet above the level of the sea, where Öie 
mean temperature Mis to 44'''6, I have found the le^- 
larity of the ebb and flow of the aerial ocean undisturbed by 
storms, huiricanes, rain, and earthquakes. The amount of 
the daUy oscillations diminishes fiwiu r32 to O'lS Frendi 
lines from the equator to 70° north latitude, where Bravaü 
made very accurate observations at Bosekop.f llie supposi- 
tion, that much nearer the pole the he^ht of the barometer is 
really less at 10 a.m. than at 4 p.m., and consequently that 
the maximum and minimum influences of these hours are 
inverted, is not confirmed by Parry's observations at Fort 
Bowen (73° 14'). 

The mean height of the barometer is somewhat less under 

■ ObtenxUion» /aila pour anutater la manAe dt» tiariatiotu 
horaira du MarvnUtrt tout lea Tropiqaa, in my Sdation htttorigue 

du Voj/age avx Etgion» Equinaäala, t iii. pp. 270-813. 

+ Bravnis, in Kaemti kdA Martias, MeUmvloffie, p. 268. At H»Ub 
(SI" 29' H. iBt.), the oacilltttion still amounts to 028 Unts. Ii would seem 
that agTCit many obaeiratioos will be required, in order to obtain results 
tbst can be truaied in regard to the faoure of the Tii«vimiiT n and mini. 
mam on monnt«im in uie temperate zone. See tbe observations of 
horary variatioaa, collected on the Panlhom In 1882, 18*1, and 18*2. 
(Uutlos, Mttton^ogie, p. 2S4.) 
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tLe Equator and in the tropics, oTring to tile effect of the 
rising current,* than in die temperate zones, and it appears 
-to attain its maiimuin in Western Europe between the paral- 
lels of 40° and 45°. If widt Kämtz we connect together by 
isaharometrie lines those (daces which present the same mean 
difierence between the monthly extremes of the barometer, we 
shall have curves whose geographical position and inflections 
yield important conclusions regardii^ the influence exercised 
by the form of the land and the diäribution of seas on the 
oscillations of the atmosphere. Hindostan, with its high moun- 
tain-chains and triang^ular peninsulas, and the eastern coasts of 
the New Continent, where the wann gulf stream turns to the 
east at the Newfoundland hanks, exhibit greater isobarometric 
oscillationH than do the group of the ^tÜIes and Western 
Europe. The prevailing winds exercise a principal influence 
on the diminution of the pressure of the atmospheie, and this, 
as we have already mentioned, is accompanied, according to 
Daussy, by an elevation of the mean level of the sea.f 

As the most important fluctuations of the pressure of the 
atmosphere, whether occurring with horary or """""1 regu- 
larity, or accidentally, and then often attended by violence 
and danger,:^ are, like all the other phenomena c^ the wea- 
ther, mi^y owing to the heating ibrce of the sun's rays, it 
has long been suggested, (partly according to the idea of 
Lambert,) that the direction of the wind should be compared 
with the height of the barometer, alternations of temperature, 
and the increase and decrease of humidity. Tables of atmo- 
spheric pressure during different winds, termed barometric 
Kindroses, afford a deeper insight into the connection of 
meteorological phenomena. § Dove has, with admirable 
sagacity, recc^nised, in the " law of rotation" in both hemi- 
simeres, which he himself established, the cause of many 
in^Rtrtant processes in the aerial ocean.|| The difibrence of 

• HnmboIdt^Awot «ur tofffeffrajjAi« dftt Konfe», 1807, p.OO; and 
Inifel. fttri.,t. iii.,p. 3IS; utdonthediminDtionofatDioaphäricpraasat« 
in the tropics] portions of the Atlantic, in Folgend. AntuUat der Flig- 
tik, bd. luvii. I. 2i6-2Gg, and g. 163-486. 

t Daoss;, in the Compte» rendia, t, iii. p. 136. 

t Dove, UArr die Stürme, in Poggend. Aanalen, bd. liL' b. I. 

3 Leopold Ton Buch, BarometriKlte Windrott, in Abhandl. der 
Ahad. der Wis», ni Berlin oms den. J. 1S18~1S19, s. 187. 

D Sm Dove, MeUOT<Aoffitehe UaltrttuJtmffe», 18S7, ■■ lt&-SI3; and 
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tempenttnre betweoo Üie equatorial and polar regitm 
engenden two oppoeite cnnents in the upper Mnits of the 
•bnoBpfaere, and cm the Eartfa'i snrftce. Owing to tlie dif- 
ference between the rotatory Telocity at tlie pole« and at the 
equator, the polar oairent is deflected eastward, and the 
equatorial nurent westward. The great pliauHuena of atnw- 
■;^ieric preasore, the warming and cooling of the strata at 
air, the aqneons deponts, and eren, as Dove has correctly 
lepreeented, the fcrmatimt and appearance of okmda, alike 
d^iend on the t^ipodtian of these two cnnents, on the 
place where the nj^ier one desoends, and on the diarJaoement 
of the one by the other. Thna the figorea of Üie clondSr 
which form an animated part of the channs of a landscape, 
amionnce the ^»ticeeses at work in the upper regioDS of the 
atmosphei«, and, when the air is calm, the donds will often 
present, on a bright anmmer sky, the " projeoted image " vt 
the Tttdiatiiig soil below. 

Where this iaflucnce of radiation is modified l^ the rdative 
position of large continental and oceanic aui&oes, as between 
me eastern shore of Africa and the western part of tlie Indian 
peninsula, its effects are manifested in the Indian immaoaBB, 
which change witJi the periodic variations in the sun's decli- 
nation*, and which were known to the Greek navigators 

the eicellent olnerrstions of ESmtz on the d«ac«iit of the vest -wind of 
the upper cumot In high laütades, aoil the geiieial phenameos of the 
direction of the wind, fii his VorUtangen fiier MeteroloffU, 1840, 
■. fi8-S6, ]e6--200, 32T~3S6, S£3~Sai ; and In Sehmiueher's JakrbuiA 
far 1838, s. 2S1-S02. A. rei? ntutaakiiT sod Tirid reprsHmtaäea 
of mef^orologioal phenomena is given by Dave, in hia Bmall ■wstk. 
entitled WxUentngtverMUnieet von Berlin, I8J2. On the knowledge 
of the earlier naTigatorB, of the rotation of the «iod, nee Churrae^ 
Vi<t0t al Mag^ana, 17B8, p. 15; and on a lenuilable eipre«i<Hi rf 
ColnmbuE, which hia son Don Fernando Colon has pieMinted to ns in Us 
ViAa dti AlmiraaU, mp. t>5, see Hnmbold^ Kmunn criUqat it 
Uiiat. de OioffraphU, t. ir. p. 2G3. 

* Jiomvn (Hslajan, mvnm, the Tiippaloa of the GIreeki,) is derived 
fhim the Arabic word mavaim, a act time or teagon of the year, the tjma 
rf the assemblage of pilgiinw at Mecca. The word baa been applied to 
the seuODB at whirh certain winds prcrail, which are beddea named 
from places lyings in the direction from whence they come ; tho^ fbi 
Instance, there is the nucunm of Aden, of Oniräat, Hilabar, &c. 
{lernen. Indie Ae Alterthumihinde,'bA. i. 1843, b. 911). Onthocoo- 
traeta between the solid or fluid Eubstrata of the atmoEpoere, see Dove, 
iaHtr Abliandl. derAkad. der WU». tu Berlin out dem J. 1812, i. %i9. 
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under Ihe name of Hippiäo». In the knowledge of the sum- 
soons, which, undoubtedly datea back Üwuaandg of years 
amongBt the inhabitanU of Hindoatan and China, of tbe 
eastern parts of the Arabian Chüf and of tha western ahores 
of the Mal^ran Sea, and in t^e atill more ancient and nuve 
gwenl acquaintance with land and sea «icda, lie« concealed, 
as it were, the germ of that meteorological soienoe. which is 
now making such rapid p-t^refls. The long chain of iiHi^tMtK 
slalünts entending from Moscow to Pekin, aoroae the whole of 
Northern Aaia, will prove of immense importance in deter- 
mining the law of the toinds, since these stations have also, for 
their object, the ioTestigation of gmeral meteorological rela- 
tions. The comparison of obaerrations made at places lying 
so many hundred nules apart, will decide, for inatauoe, whe- 
ther the same east wind blows from the elevated desert of 
Gobi to the int^oi of Russia, or whether the direction of the 
aerial current first began in the middle of the series of the 
atvtioiw, by the descent of the air from the higher regions. 
By means of sutdi obeerrations we may learn, in the strictest 
■esse, wA«M« the windcometh. If weonl^ take the results on 
which we may depend &om those places, tn which tiie obser- 
Tataons on the direction of tiie winds have been continued 
more than twenty years, we shall find, (from the most recent 
and oarefui calcuUtioos of Wühelu Mahlmann,) that in the 
middle latitude« of the tempeiato mne, in both oontineiita, 
the prerailing stenai ciineiit baa a wast-sooth-west direction. 

CNir insist into tha rfüirditlwN a/* Ittat in the atmo^diere 
has been rendered iMtn^earaneeuieattenqit has been made 
to ocnmeot togetlter l^ Unoi th«M i^aeea, wfaMC the mrai 
ttiniial Bommw and winter tempentotn hare been asoartained 
by correct obserralions. The ^stem of iaolhwmalf üolAtral, 
wd i tao / immm l lines, vridoh I &at bioa^t into nse in 1817, 
WB^, fohups, if it be gradually peifbeted by tiie luited 
eßöria at inveatigatcn, sane m oh« of th« »aia foondstiona 
of «enpanrim oUmafolofii. TeiMatiial m^netism did not 
M^iui» a ri^ht t» be le^irded as a «lesee, until partial results 
«am frajduotlfy acwoMted' in » mtem of lines cf aptai dteS' 
mticn, tjtml intlmatMn, and yml inlmtHif. 

Hie twm «ftiMia, taken in its most genml sense, Twilicatw 
«ü ^ ettanges ia tb« atno^ihen, which seasibh aflbet oar 
(VgHW, as tmqnrstnrer humidity, wiatiims ts to« baton»- 
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trical pressure, the calm state of the air or the action of oppo- 
site winds, the amonnt of electric tensicm, the purity of the 
atmosphere or ita admixture trith more or less noxious gase- 
ous exhalations, and, finally, the degree of ordinaiy trans- 
parency and clearness of the sky, which is not only important 
with respect to the increased radiation from the earth, the 
oi^;anic development of plants, and the ripening of fruits, but 
also with reference to its influence on the feelings and mental 
conditimi of men. 

If the sni^ice of the earth consisted of one and the same 
homt^eneous fluid mass, or of strata of rock having the 
aame colour, density, smoothness, and power of absorbing heat 
from the solar rays, and of radiating it in a similar manner 
through the atmosphere, the isothermal, isotheral, and isocbi- 
menal lines would all be parallel to the equator. In this 
hypothetical condition of the E!arth's sur&ce the power of 
absorbing and emitting light and heat would eyervwhere be 
the same under the same hititudes. The mathematical consi- 
deration of climate, which does not exclude the supposition 
of the existence of currenta of heat in the interior, or in the 
external crust of the earth, nor of the propagation of heat by 
atmospheric currents, proceeds from this mean, and, as it were, 
primitive condition. Whatever alters the capacity for absorp- 
tion and radiation, at places lying under the same parallel of 
latitude, gives rise to inflections m the isotiiermal lines. Hie 
nature of these inflections, the angles at which the isothermal, 
isotheral, or iaochimenal lines intersect the paraUels of latitude, 
their convexity or oonoavi^ with respect to the pole of the 
Mine hemiephtt«, ate dependent on causes, which, more or 
less, modify the temperature under dif^rent degrees of 
lon{ptude. 

The pn^resB of climatology baa been remarkably &Totired 
by the extension of European civilization to two opposite 
«oasts, t^ its trangmissioD from our western shores to a con- 
tinent wnich is bounded on the east by the Atlantic Ocean. 
"When, after the ^>hemeTal colonisation from Iceland and 
Qreenland, die British laid tiie foundation of the first perma- 
nent settlements on the ahores of the United States of Ame- 
rica, the emigranta (whose numbers were rapidly increased in 
consequence, either of religious pcraecution, bnaticism, or 
lore <^ freedom« and who soon i^ead over the vast extent ol 
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territoiy lying between the Caiolmas, Vii^jnia, and the St; 
Lawrence,) were asto&ished to find themselfes exposed to an 
mtensi^ of winter-cold fer exceeding that which prevailed in 
Italy, Irance, aod Scotland, situated in coTresponding paral- 
leb of latitude. But however much a conaideration of these 
dimatic relationB may have awakened attention, it was not 
attended by any practical results, nntü it conld be based on 
äie numerical data of mean annual temptraiure. If, between 
58" and 30' north latitude, we compare Nain, on the coast of 
Labrador, with Gottenborg; Hali£ix with Bordeaux; New 
Tork with ffaplce; St. Augustine, in Florida, with Cairo; we 
find that, under the same degrees of latitude, the difierences of 
the mean annual temperature between Eastern America and 
Western Europe, proceeding from north to south, are succes- 
fflvely 20°'7, 13°-9, ö'-S, and almost 0°. Tie gradual decrMse 
of the differences in this series extending over 28° of latitude 
is very striking. Further to the south, under the tropics, the 
isothermal lines are everywhere parallel to the equator in 
both hemispheres. We see, from the above examples, that the 
questions often asked in society, how many degrees America, 
^thout distinguishing between the eastern and western 
shores,) is colder than Europe? and, how much the mean 
annual temperature of Canada and Üis United States is lower 
than that of corresponding latitudes in Europe? are, when 
thus gsnerally esg>resied, devoid of meaning. llieTe is a sepa- 
rate difference for each parallel of latitude, and wiüiout a 
rial comparison of the winter and summer temperatures of 
opposite coasts, it will be impossible to arrive at a correct 
idea of climatic relations, in their influence on agriculture and 
other industrial pursuits, or on the individual comfort or dis- 
comfort of mankind in general. 

In enumeratii^ the causes which produce disturbanoes in 
the finm of the isothermal lines, I would distinguish between 
those which raise and those which loieer the temperature. 
To the first class belong the proximity of a western coast in 
the temperate zone, the divided configuration of a continent 
into peninsulas, with deeply indented bays and inland seas ; 
the aspect or Qxe position of a portion of the land with refer- 
ence either to a sea of ice spreading fer into the polar circle, 
or to a mass of continental land of oonnderable extent, lying 
in the same meridian, either under the equator or, at least. 
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within a portion of the tropical Eone; ^e ftewtiaux nt 
southeriy or weeterlj winds on iLe western ahcve of b conti- 
oent is the temperate northern eone; chaiiu of monataim 
acting as protectmg walis against winds coming Erom cc^der 
regions ; the infreqoency of awampa, which, in the spring and 
beginning of summer, long remain ooyered with ice, and the 
^ abs^ce of woods in a dry, sandy soil ; finally, the constant 
serenity of the sky in the summer months, and the vicini^ cf 
an oceanic current, bringing water which is of a hi^sr tem- 
perature than that of the suirotmding sea. 

Among the causes which tend to lotoer 'tite mean annual 
twnperature I inotnde tfce following:— eleTOtJon above Hie 
Isrel of the sea, when not f<H7ning put of an extended ^oin; 
tlte vicinity of an eastern coast in high and middle latitudes; 
the compact configuralioii of a continent having no littoral 
curvatores or bays ; the extenraon of land towmnls the poles 
into the region of pei^)etiial ice, without the ist«rvention of a 
sea remaining open in the winter; a geographical poaitioo, m 
irtiich tiie equatorial and tropical regions are occupied by tbe 
sca^ and, consequently, the alienee, imder tlie sanw meridian, 
of a continental tropical land having a Strong capacity for the 
absolution and la^titm of heat; nunmtain-diBine, whose 
mural form and direction impede the access of warm winds ; 
the vicinity of isolated peaks, occasioning the descent of oold 
currentfi of air down their dediyitiei; e^ensive woods, which 
hinder the insolation of the soil by Üie tital activity of their 
foliage, which produoes great evaporation, owing to iho exten- 
sion of these orguis, and increases the surfiice that is cooled by 
radiation, acting consequenüy in a Uffee-fold manner, by shade, 
evaporation, and radiation ; due frequency of swamps or tnarshu, 
which in the north form a kind of subtetranean ^cier in the 
plains, lasting till the middle of the stumner ; a doudy summer 
sky which weakens the action of the solar rays ; and finally, a 
very clear winter sky ftvouring the radiation fff heat* 

ITic simultaneous action of these disturbing causes, whether 
productive of an increase or decrease of heat, determines, 
as the total ^fect, ibe inflection of the isothermal lines, 
especially with relation to the expansion and configuration gf 
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■olid GontimentBl masses, u asupored with the liquid oceanic. 
Uteee perturtMUonB ^ve riae to eonrez and cottcave summits 
vi the iaothermel curres. There are, however, difiereot 
orden of ditturhing cauHe«, and each one must, dierefore, be 
oottaidered separatelT, in oidi» that theü' total effect may 
•fterwarda be investigated with rc&rence to the motion (direc- 
tion, local curvature) of the iBothermal lines, and the actions 
t^ which they ue oonneeted tc^ether, modified, destroyed, or 
increased in intenaity, as manifested in, the contact and inter- 
Bection of small oscillatory movements. Budi is the nletiiod 
by whieh, I hope, it may »onu! day be poosible to ocmnect 
together, by empiiicel and numerirälly expressed laws, vast 
snies of sppMCntly isdnted tacts, and to ^libit the mutual 
dependence which must neoeaaarily exiat am<mg than. 

The trade wia^— easterly winds blowing within the tro- 
pica — give rise, in both temperate zones, to the west, or west- 
sauth-weet waida which prevail in those regions, and which 
■re laad winds to eastern coasts, and sea winds to western 
ooBSta, extending over a «paee which, from the great mass sod 
äie sinking lÄ its cooled particles, is not capaUe of any coU' 
siderabde degree of cooling, and hence it follows, that the east 
winds of the Continent must be cooler than the west winds, 
where their tempetcature is not affected by the occurrence a£ 
«ceooic currents near the shore- Cook's young oompaniou cm 
his second voyage of circumnavigation, Üie intelligent George 
Fonter, to whom I am indebted for the lively interest which 
pron^ted me to undertake distant travels, was the first who 
«rew attention, in a definite manner, to the climatic differ- 
ences of temperaitnre ewsting in the eastern and weatem 
«oasts of both CMitinents, and to the sinularlty of temperature 
■at Ütt western coast of North Anierica in the middle lati- 
tudes, with that of Wastem Europe.* Even in northern 
latitudes exact observations show« striking difference between, 
the mean annual lemperatvre of the east and west coasts of 
America. The mean annual temperature of Nain, in Labrador, 
(Tat. 57° 10') is fully 6°-8 behw the fireesdng-point, whilst, on 
the north-west coast, at New Archangel, in Russian America, 

" George Foraier, Kleine Schriften, th. ÜL 1784, b. 87; Dme, in 
Sehomacher'B JoArfrmA ßir 18J1, b, 289 ; Simlz, Mdcoroloiiie, W. IL 
a. 11, 43, a7, and »e ; Ai«£o, in the (kv^plt* readiu, kip. 268. 
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(lat. 57° 3'), it is 12°-4 <äov« Üüa point. At Hie first-named 
j^aoe, the mean summer temperature hardly amounts to 43°, 
wbUst, at the latter place, it ie 57°. Pekin (39° 54'), on the 
eastern coast of Asia, has a mean aimual tempeiature of 52°'3r 
which is 9° below that of Naples, situated somewhat further 
to the north. The mean winter temperature of Fekin is, at 
least, 5°'4 below the freezing-point, whilst in Western Europe, 
«Ten at Paris, (48° 50'), it is nearly 6° above the freezing- 
point. Fekin has also a mean winter cold which is 4°'5 lower 
than that of Copenhagen, lying 1 7° farther to the north. 

We have already seen the slowness with which the great 
mass of the ocean follows the Tartations of temperature in the 
atmosphere, and how the eea acts in equalising temperature»— 
moderating eimultaneonsly the severity of winter and the heat 
of summer. Hence arises a second more important contrast — 
tiiat, namely, between insular and littoral climates enjoyed by all 
articulated continents having deeply-indented bays and penin- 
sulas, and between the climate of the interior of great masses 
of solid land. This remEirkable contrast has been Adly deve- 
l<n>ed by Leopold von Buch in all its various phenomena, both 
with re^ct to its influence on vegetation and agriculture, on 
the transparency of the atmosphere, the radiation of the soil, 
and the elevation of the line of perpetual snow. In the 
interior of the Asiatic Continent, Tobolsk, Barnaul on the 
Oby, and Irkutsk, hare the same mean summer heat as Beriin, 
Munster, and Cherbourg in Normandy; the thermometer 
Mmetimes remaining for weeks together at 86° or 8B°, whilst 
the mean winter temperature is, during the coldest month, as 
low as — 0°-4 to — 4 . These continental climates have, there- 
fore, justly been termed exceptive by the great mathematician 
and physicist, BuSbn; and the inhabitant» who live in coun- 
tries having such exceitive climates seem almost condemned, 
as Dante expresses himself,— 

" A io&rir tonnenU oldl e geU.'* 

In no portion of the earth, neither in the Canary Islands, 
in Spain, or in the south of France, have I ever seen more 
luxuriant fruit, especially grapes, thtm in Astrachan, near the 
shores of the Caspian Sea (46° 21'). Although the mean 
annual temperature is about 48°, the mean summer heat rises 

* Dtikte, DbiÜM OoDtmedia, Purgatoria, canto IIL 
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to 70°, as at Bordeaux, vidiet not only diere, bnt also further 
to the Boutii, as at Kislor on the mout^ of the Terek, (in the 
latitude of Avignon and Bimini) the thermometer sinks in the 
winter to — 13° or — 22°. 

Ireland, Guernsey, and Jersey, the Peninsula of Brittany, 
the coasts of Normandy, and of the south of England, present, 
by the mildness of their winters, and by the low temperature and 
clouded sky of their summers, the most striking contrast to the 
ccaitinental climate of the interior of Eastern Europe. In the 
Borth'Cast of Ireland (54° 5ß), lying under the same parallel 
of latitude as Königsberg in Prussia, the myrtle blooms as 
luxuriantly as in Portugal. The mean temperature of the 
month of August, which in Hungary rises to 70°, scarcely 
reaches 61° at Dublin, which is situated on the some isother. 
mal line of 49°; the mean winter temperature, which falls to 
about 28° at Pesth, is 40° at Dublin, (whose mean annual 
temperature is not more than 49°); 3°'6 higher than that of 
Milan, Pavia, Padua, and the whole of Lombardy, where the 
mean """""i temperature is upwards of 5ä°. At Stromness, 
in the Orkneys, scarcely half a degree fiirther south tiian 
Stockholm, the winter temperature is 39°, and consequently 
higher than that of Paris, and nearly as high as that of Lon- 
don. Even in the Faroe Islands, at 62° latitude, the inland 
waters never freeze, owing to the bvouring influence of the 
west winds and of the sea. On the f^TmrmiTig coasts of Devon. 
shire, near Salcombe Bay, which has been termed, on account 
of the mildness of its climate, the MimtptVÄer of the North, 
the Agave mexicana has been seen to blossom in the open air, 
whilst orange-trees trained against espaliers and only slighth' 
protected by matting, are found to b^ fruit. There, as weD 
as at Penzance and Gosport, and at Cherbou^ on the coast 
- of Normandy, the mean winter temperature exceeds 42°, fall- 
ing short by only 2°'4 of the mean winter temperature of 
Montpellier and Plorence.* These observations will suffice 

* Humboldt, Stir U$ Ligita üolherma. In the Xtmoire* de Pky- 
tujue el de f^tmie de la SoeitU d^Arcusü, t, iiL, Paris, 1817, pp. 143- 
196; Enig^t, in th« Tran»ai±iont of ike ffmiicuihtrai Society t^f 
Loitdejt, vol. i. p. S2 ; 'WVeon, Semari» on tie Qeoffraphiad DUtrOnir 
lion ■/ Briiith Plants, 1S36, p. 60; Treveljun, in JBrniesou's Edio' 
IniTgh Nea Phil. Jotarnal, No. IS, p. 151 ; Mahlminn, In his »dmirsbl«. 
Q«naaa tmulatjon ot my J.n«cenfnifc, th. iL s. 00. 
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to Bkow the important influence ezerciKd <m vegetatton and 
agricolture, on the cultivation of fruit, and on the comfort of 
mankdnd, hy difierences in the distribution of the same mean 
annual temperature, through the diäerent seasons of the year. 
The lines which I have tenned itothimeaal and imtheraZ 
(Hnes of equal winter and equal emnmer temperature) are bjr 
BO menna patallel with the iaotherwa lines, (lines of eqmä 
■imnal temperature.) If, for instance, in countiies where 
mjrrtles grow wild, and the earth does not remain covered 
with enow in tke winter, the temperature of the summer and 
antnmn ia barely sufficient to bring apples to perfect ripeness, 
Mid a, again, we observe that the grape rarely attains the ripe- 
nesB necessBiy to convert it into wine, either in islands or ia 
die vicinity of the sea, even when cultivated on a western coast, 
tiie reason must not be sought only in the low degree of eum- 
Ker heat, indicated, in littoral situations, by the thermometer 
«hen suspended in the shade, but likewise in another cause 
thait has not hitherto been sufficiently considered, although, it 
exercises an active influence on many other phenom^ia, (as, 
for instance, in the inflammation of a mixture of chlorine and 
l^drogen,) namely, the difference between direct and difihsed 
light, or that which prevails when the sky is clear, and when 
it is overcast by mist. I long since endeavoured to attract ,the 
attention of phyaicista and physiologists* to this difference, 
and to tliie mmäavirtd heat which is locally developed in the 
living vegetable cell by the action of direct light. 

If, in forming a thermic scale of different kinds of cultivor 
• " Hrec de temperfe aens, qui teiram lat« drcumfondit, ac in qno, 
lange a solo, instnunenta nostra meteorolo^cn suapensa habemuB. Sed 
alia Mt caloria via, quern radii solis nallia nnbibus velMi, in foliis tpda 
et rmctibim msturesoentibuB, magis minnsre oolontia, gignimt, qn^n- 
que, nt egrepa '^«■noiiAlnJit eiperimenta umdammorum Gb7-Luasacii et 
Thenardi de comboslione chlori et bfdiogenia, ope thenuometri meUri 
ueqois. Eteuink locia planis et mantäniH, venia LLbe epiiaDte, cirCDmfaBi 
aens i«inperieg ettdem esse poteet cielo sudo yel nebuloso; ideoqne 
ez obserrationibus solia thermometricia, millo adhibit« PiiotametJe, 
hand cognoeceB, qnam ob caumm Qalliie Beptentrionalia tractua Anno- 
rioanos et Neiricus, versua littora, culo^femperaki »ed sole rare ntenWa, 
Tltem fei« nra tolenmt. Egeot enim sürpea nan aolimi calarie stimulo, 
s«d et lucis, qmc mag^ iatenxa lotna eicelsia quam pluiis, daplid 
modo pltmtas movet, tI ana tum propria, turn caloiem in eapei^cis 
eanun excitaote."— Humboldt, De diitribvtio»t geographica pliak- 
tarum, 1817, p. 103-144. 
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tion,* we begin with those plants which require the hottest 
chmate, as the vanilla, the cacao, banana, and cocoa oat, 
aad piDceed to pine apples, the sugar cane, coffee, fruit-bear- 
ing de.te trees, üie cotton tree, citrons, oUtss, edible dieanutB, 
. and Tines producing potable wine, an exact g«<^raphical con- 
eöderation of the limits of cultivation, both on plame and on 
the dedivitiee of mountains, will teach us that other climatic 
relations besides those of mean annual temperature are ia- 
TtrfTcd in these phenomena. Taking an example, for instance, 
from the cultivation of Ihe vine, we find that, in order to pro* 
enre pataiiU wine,f it is requisite that the mean annual heat 



tap. 6TB. 

+ The following table illustrateB Uie cnltivstion of the Tine in Europe, 
and idso the depnciation of Ite produce according to clunstic relstioiu. 
See m; Atit eaitmie, t. iii. p. IS9. The exampTea quoted in Üie text 
tor BordeMu and Potadun, btc, in respect of nnmerical relation, alike 
spidicabk to tite wuntries of the Khine and Uaine {ii° SG' to 50° T N. 
1Ü.). CheriwnrB in ITomuuidf, and Lrelaad, show in the mont re- 
niartable manner how, with thermal relations very nearly ^milar to 
those preruling ia the inteiior of the Contmeat, (sg eatinMtted b; Uta 
tbennometer in the shade,) the TesultB are, nevertheleaa, extremetj 
different, as r^ards the ripens« or the unripcnen of the fruit of the 
Tine ; thta diflerenca nndoubtcdlj depending on the cireumstance, 
whether the vegetation of the plant proceeds under a bright aonnf aky. 
«c under a sky th*( is baUtusll; oUMured by cloads ; — 
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Bhonld exceed 49', that the printer tempentn» should be 
imvarda of 33°, and the mean aummer temperature upwards 
^64". At BOTdeaux, in the valley of the Garonne (44° 50' 
lat.), ibe mean annual winter, summer, and autumn tempera- 
tnres are respectively 57°, 43°, 71°, and 58°. In the plains 
near the Baltic (52° Stf lat), where a wine is produced that 
cam Bcarcely be conaideredpotable, these numbers arefollowG: 
47°-5, 31°, 63°-7, and 47^-5. If it ahould appear strange 
that the great differences indicated by the influence of climate 
on the production of wine should not be more clearly mani- 
fested by our thermometers, the circumstance wül appear less 
singular, when we remember that a thermometer standing in 
the shade, and protected from the effect of direct insolation 
end nocturnal radiation cannot, at all seasons of the year, and 
during all periodic changes of heat, indicate the true superfi- 
cial tünperature of the ground exposed to the whole effect of 
the sun's rays. 

The same relations which exist between the equable Uttonl 
climate of the peninsula of Brittany, and the lower winter and 
h^her summer temperature of the remainder of the continent 
of France, are likewise manifested, in some d^ree, between 
Europe and the great continent of Asia, of which the former 
may be considered to constitute tbe western peninsula. 
Europe owes itB milder climate, in the first place, to its poei- 



Tslle;« of Üie llhme and Uolne, tends to oonflnii the accuracy of these 
meteorological obacrratioiu. The monUu of December, i&awaj, and 
Febrau7, lire reckoned as iriiiter months. When the diSerent qnnU- 
üeB of the wines produced In Franconia, and in the countries aronnd the 
Baltic, are compared with the mean Bonuner and autnnm temperalnre 
of WUrzburg and Berlin, we are atmoBb snrptJBed to find a diflerence of 
only about two degrees. The difference In the spring is about foni 
d^rees. Th« influence of late Hay frosts on the flowering season, 
and after a correspondingly cold winter, is almost as important an 
dement as the lime of the subsequent ripening of the grape, and the 
influence of direct, not diffused, light of the unclouded eon. The 
difference «Jluded to in the text, between the true tempenture of the 
suiftce of the ground and the indicatioos of a tliennometer suspended 
in the shade, and protected &om extraneous inflnenccs, Is infetred by 
DoTC, from a consideration of the resnlte of fifteen years' obserrslions 
made at ibe Chi^wlck Oardens ; see Dore, in Beruht aber die Ferhandt. 
dtr Berl. Ahad. der WUi.. Angnst, 18*4, s. 28B. 
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tion with respect to A£ica, whose wide ertent of tropical land 
ie &Tourable to the ascending current, while the equatorial 
region to the south of Ama is almost wholly oceanic; and 
next to its deeply-articulated configuration, to the vicinity of 
the ocean on its western shores; and lastly, to the existence 
of an open sea, which boonds its northern confines. Burope 
would, therefore, become colder * if Africa were to be over- 
flowed by the ocean; or if the mythical Atlantis were to arise 
and connect Europe with North America; or if the gulf 
stream were no longer to diffiise the warming influence of its 
waters into the North Sea; or if, finally, another mass of 
solid land should be upheaved by volcanic action, and inter- 
posed between the Scandinavian peninsula and Spitzbeinen. 
If we observe that in Europe the mean annual temperature 
&lla, as we proceed, from west to east, under the same paral- 
lel of latitude, from the Atlantic shores of France through 
Qennany, Poland, and Russia, towards the Uralian mountains, 
the main cause of this phenomenon of increasing cold must be 
sought in the form of the continent, (which becomes less 
indented, and wider, and more compact as we advance,) in the 
increasing distance frota seas, and m the diminished influence 
of westerly winds. Beyond the Uralian mountains these 
winds are converted into cool land-winds, blowing over 
extended tracts covered with ice and snow. The cold of 
western Siberia is to be ascribed to these relalicms of con- 
figuration and atmospheric currents, and not— as Hippocrates 
and Trogus Fompeius, and even celebrated travellers of the 
eighteenth century conjectured — to the great elevation of the 
soil above the level of the sea.f 

If we pass from Ute differences of temperature manifested 
in the plsjiiB to the inequalities of the polyhedric form of the aur- 
&ce of our planet, we shall have to consider mountains either 
in relation to their influence on the climate of neighbouring 

" See my memoir, ITrsfier die Haupt-Uriaehat der Temptraturver- 
$dnedenheit auf der Srdoberßä/Ae, la Uie Äbhaadl. dfr AJcad. der 
Wueenti. zu Berlin von dem Jäkre 182T, i. 811, 

f The general level of Siberia, from Tobolsk, Tomsk, and Banuol, 
from the Altü monntains to (he Polw Se», is not bo high is tiist ijl 
Uuiheim and Dresden ; Indeed Irkutsk, fiu to ilie out of Uie Jeniaei, li 
onl; 1330 fbet above the level of the m^ or «boat one-third loww 
Utu Unnieh, 



DyGoogle 



Tallest, or according to äie efibcto of the hypsometrioal rdatiou 
en their own Bammita, which often spmid into elevated ph- 
teaox. The divirion i^ ntauntaiiiB into cdiains leparates ä» 
eorüi's eurfsee into different basiiiR, which u-e oftm nairow 
and waUcd in, funning canldron'llke Tallep, and (as in Greece 
and in port of Afiia Minw) oonatitnte an individnal local oti- 
Btate with respect to heat, nuHature, tranqiarenoy of atmO' 
aphere, and frequency of winda and Btome. Tlieae oiremn- 
Btences have, at all times, exercised a powN^ influence on 
dke character and enltivation of natnral prodnots, and mi the 
manners and institutions of neighhonring nations, and e*€9i 
on the feelings with which thej regard one another. Utia 
dtaracter of geographical indmuhaUh/ attain» its m ftn'mnw] , 
if WO may be allowed bo to speak, in countries where the dif- 
ferences in the configuration of the soil, are the greatest possi' 
ble, either in a vertical or horiiontal direction, both in relief 
and in the articulation of the emtinent. The greatest con- 
trast to these varietieB in the rdationa of the sur&ee of the 
earth are manifested in the Btej^s of Northern Asia, the 
enun^ plains (savannahs, llanos, and pampas) of the New 
Continent, the heaths {_Ericela) of Ewope, ttnA the sandy and 
sttn^ deserts of Africa. 

The law of the decrease of heat with the inwease of eleva- 
tion at difEerent latitude« is one of the most important subjects 
involved in the study of meteorological javioefiaes, of the 
ge<^fraphy of plants, of the theory of terrestrial refraction, 
and of the varions hypotbesee that relate to the detcmnina- 
täon of the height of the atmosphet«. Iq the' many moim- 
tain journeys which I have undertaken, both within and 
without the tropics, the investigation of this law has always 
fbimed a special object of my researehes.* 

Since vre have acquired a more accurate knowledge of the 
trae relations of the distribnti<Mt of heat on the «urihce of tlie 
earth, that is to say, of the inflections of isothermal and iso- 
äieral lines, and their unequal distance apart in the difierent 
eastern and vrestem Systems of temperature in Asia, centra! 
Europe, and North America, we can oo longer ask the 

M •utnmomigmta, 1 L pp. 19«~1«>,- 
I, 227 ; Biot, in OMiHiesaaiK» dM 
ttinpt pour fan 1811, pp. 90-lOS. 
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geiMrol questioii — what fraction, of the mean ansual or summer 
temperatnre coixesponde to the diSbrence of one degree of 
geographical latitude, taken in the same meridian? In each 

rm of imlhtnttal line* of equal curvature there reigns a 
and necewary connection between three elements; 
namely, the decrease of heat in a vertical direction from 
below upwards; the difi^rence of temperature for everj (me 
degree of geographical latitude; and the unifonrnty in the 
mean ten^iutura of a monntcün station, and the latitude 
of a point situated at the level of the eea. 

In the syeteia. of eastern America the mean annual tempe- 
rature, from the coast of Labrador to Boston, changes l°-6 
for every d^ree of latitude ; from Boston to Charleston about 
1°'7; Stota Charleston to the txopic of Cancer, in Cuba, the 
variation is less rapid, being only l°-2. In the tropics this 
diminution ii so much greater, that from the Havana to 
Cnmana the variation is less than 0°-4 for every degree of 
Ifttitode. 

The case is quite different in the isotbenual system of cen- 
tral Europe. Between the parallelB of 38' and 71" I found 
tiiat the deorease of temperature was very regularly 0''-9 tat 
every degree of latitude. But as, on the other hand, in Cen- 
tral Europe the decrease of heat ia l'''B ibr about every 534 
feet of vertical elevation, it follows that a difiereuce of eleva- 
tion of about 267 feet, corresponds to the difibreoce of one 
d^ree of latitude. The same mean """""1 temperature as 
■ami, occurring at the Convent of St. Bernard, at an elevatioii 
of 8173 feet, in lat. 45° Stf, should, therefore, be met with 
at the level of the sea in lat. 75" SC. 

In that part of the Cordilleras which fells within tiie tropics 
the observations I made, at various heights, at,sn elevation of 
upwards of 19,000 feet, gave a decrease of 1° for every 341 feet ; 
Kod my Mend, Boussinganlt, found, thirty years afterwaids, 
as a mean result 319 feet. By a comparison of places in the 
Coidilleras, lying at an equal elevation above the level of the 
•ea, either on the declivities of the mountains, or even on exten- 
.live elevated plateaux, I observed that, in the latter, there was 
an incrpase in the annual temperature, varying boia 2°'7 to 
4°'l. This difference would be still greater if it were not for 
the cooling effect of nocturnal radiation. As the difierent 
climates are arranged in sucoessive strata, the one above the 
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other, from the cacao woods of the VBlIe}^ to the region 
of perpetual saow, ood as the temperature in the tropics 
varies but little throughout the year, we may form to our- 
«elves a tolerably correct representatioa of the climatic rela- 
tions to which the inhabitants of the large cities in the Andes 
are subjected, by comparing these climates with the tempera- 
tures of particular months in Ute plains of France and Italy. 
While the heat which prevails daily on the woody shores of 
the Orinoco exceeds, by 7'''3, that of the month of August at 
Palermo, we find, on ascending the chain of the Andes, at 
Fopayan, at an elevation of 5826 fbet, the temperature of the 
three summer months of MarseilleB; at Quito, at an elevation of 
9541 feet, that of the close of May at Paris ; and on the Para- 
mos, at a height of 11,510 feet, where only stunted Alpine 
flhrubs grow, Üiough flowers still bloom in abundance, that of 
the begimiing of April at Paris. The intelligent observer, 
Peter Martyr de Anghiera, one of the friends of Christopher 
Columbus, seems to have been the first who rew^nised (in tiie 
expedition undertaken by Kodrigo Enrique Colmenares, in 
October 1510), that the Imiit of perpetual enow continues to 
ascend as we approach the equator. We read, in the fine 
Work, De rebus Oceatiicis* " the River Oaira comes from a 
mountain in the Sierra Nevada de Santa Marta, which, 
according to the testjmouy of the companions of Colmenaies, ia 
higher üian any other mountain hitlierto discoveied. It 
must, undoubtedly, be so if t'< retain »now perpetually in a 
zone which is not more than 10° from the equinoctial line." 
The lower limit of perpetual snow, in a given latitude, is the 
lowest line at whidi snow continues during summer, or, in 
other words, it is the maximum of height to which the snow 
line recedes ia the course of the year. But this elevation must 
be distinguished from three other phenomena: namely, the 
annual fluctuation of the snow line ; Üie occurrence of sporadic 
fells of snow; and the existence of glaciers, which appear to 
be peculiar to the temperate and cold zones. This last phe- 
nomenon, since Saussure's immortal work on the Alps, has 
received much light, in recent times, fivm the labours of 

* Anglerina, De rebui Oceanieis, Dec 11, lib. ii. p. 140 (ed. Col., 
1671). In the Sierra de Santa Marta, iLe Ugheit point of which 
appears to exceed 10,000 feet, {aee myStloL MiL, i. ii. p. 214.) there U 
a peak Oai i» stiU called Pico de Oaira, 
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Veoetz, Cliarpentier, and tLe Intrepid and persevering observer 
AmssIz. 

iVe know only the fower and not the i^)er limit of per- 
petual snow, for the mauntains of the earth do not attain to 
those ethereal regions of the rari£ed and iry strata of air in 
which we may suppose, with Boiler, that the vesicles of aque- 
ous vapour are converted into crystals of ice, and thus rendered 
pereeptible to our organs of eight. The lower limit of snow is 
not, however, a mere fimction of geographical latitude, or of 
mean a""""! temperature ; nor is it at the eijuator, or even in 
the region of the tropics, that this limit attains its greatest 
elevation above the level of the sea. The phenomenon of 
which we are treating is extremely complicated, depending on 
üie general relatione of tcmperatiu« and humidity, and on the 
form of mountains. On submitting these relations to the test 
of special analysis, as we may be permitted to do from the 
number of determinations that have recently been made,* 
we shall find that the controlling causes are die differencefl 
in the temperature of dlflferent seasons of the year ; the direc^- 
tion of the prevaihng winds and their relations to the land 
and sea; the degree of dryness or humidilj in the upper 
strata of the air; the absolute thickness of uie accumuuded 
masses of feilen snow; the relation of the snow-line to the 
total heieht of the mountain ; the relative position of the latter 
iu the chain to which it belongs, and the steepness of its 
declivity; the vicinity of other summits likewise perpetually 
covered with snow; the expansion, position, and äevation of 
the plains from which the snow-mountain rises as an isolated 
peak, or as a portion of a chain; whether this plain he part 
of the sea coast, or of the interior of a continent; whether it be 
covered with wood, or waving grass; and whether, finally, it 
consist of a dry and rocky soil, or of a wet and marshy 
bottom. 

The snow-line which, under the equator in South America, 
attains an elevation equal to that of the summit of Mont 
Blanc in the Alps, and descends, according to recent mea- 
surements, about 1023 feet lower towards the northern tropic 
in the elevated plateau» of Mexico {in 19° north latitude). 
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rises, according to Pentlaad, ia the soutliem 'teopical zone 
(14° 30' ta 1 B" B0UÜ1 latitude), being more than 2665 feet liigheEr 
in the maritime and western bnmdi of tlie Cordilleras of 
Chili, thaa under the equator near Quit» on Chimbora«), 
Cotopaxi, and Antisana. Dr. Gillies even asBcrts that ranch 
fiuther to the south, on the decliyity of tiie yolcano of Peu- 
qiienea (latitude 33°), he found the snow-line at an eleviition of 
between 14.520 and 15,030feet Theevaporationof the snow 
in the extreniely^dry air of the summer, and under a cloudless 
sky, is 80 poireriiil, that the volcano of Aconcagua, north-east 
of Valparaiso (latitude 32° 30'), which was found in the expe- 
fttion of the Beagle to be more than 1400 feet higher than 
ChimboraEO, was on one occasion seen free from enow.* In 
an almost equal n<atliem latitude (from 30° 45' to 31°) the 
■now-line (ai the southern de<divity of the Himalaya, lies 
at an elevation of 12,982 feet, which is about the same as the 
height which we might have assigned to it from a comparison 
with other mountain chains; on the northern deoUvity, how- 
ever, imder the influence of the high lands of Thibet (whose 
mean elevation appears to be about 11,510 feet), the snowline 
issituatedataheightDf 16,630feet Itiis phenomenon, which 
has long been contested boüi in Europe and in India, and 
«hose causes I have attempted to develope in various wfka, 
published since 1820,f possesses otber grounds of interest 

* Darwin, Jourmü of tA« Y^ag»» ef (jU Adva^re and Btaiße, 
p. 297. A« the volcano of Aconcagua was not at that lime in a state cj 
eruption, ■we most not aacrilie the remarkable phenomeaon of the 
absence of mow to the internal heat of the mountain (to the escape of 
heated air thitnigh Ggsarea), as is wmcUmea the case irilh ColopaxL 
QUUes, in the J<mmai qf Saturol Sdenee, ISSO, p. 316. 

■h Bee m; Second Mtmoire mir la Jftmtoffne» dt Vlnde, in the 
Atmalu de Chimie et de PhysiqvjC, t liv. pp. 6-56; and Atie eeMrale, 
t. iii, p. 281-327. WliilBt the roost learned and eiperienced travellota 
In India, Colebrooke, Webb, and Hodgson, Victor Jacqoemont, Forbes 
Boyle, Carl von EUgel, and Vigne, who have all personally ezamined 
the Himalaya lange, are agreed regarding the greater elevation of the 
aloir4iae on the Thibetian aide, Uie accnracy rf this statement ia called 
hi qaestion by John Genrd, by iht geognodit HacOlelland, the «dltca 
of üie CaicMa Joumrd, and bf Captain niomas Hutttm, assistant 
sarvejor of the Agra DiviaioB. The appearance of my work on Cential 
Asia gave rise to a re-discaedon of this Question. A recent nnmbec 
(nd. iv. Jaonaty, 1814) of MacQelhud and OrimUi's OafenMai Jvur- 
rud itf JfcUural Hiitory contains, hawever, a veiy remarkablt nd 
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tiwi Üioie of a purely j^iTsioal imtore, since it exercises no 
inoonsiderable d^ree ot inflnence oa tbe mode of life (MF 
numerous tribea — the meteorological processes of the atmo- 

dedsve notice of Üie dei«iinjiiatjaiL of the aiow-tine in the Himslaju. 
Hr. BattsD, of the Bengal senice, writea aa follows, from camp Scmulka, 
on the CoeilUh river, Kumaon : "In the Jul;, IS43, Ko. 14 of yooi 
nittXHt iottTBil of Nfttonl Hiitory, which I have 00)7 Istelj hid ttis 
apptataitj of Beeing, I read Captam Button's paper on tJie sna« of the 
BuoaJayas : and, m I äifier«d almost entirely frita the coadnslons so 
confideiitallf drawn bf tlmt geotlcmaD, I thooght it right, for Um 
interest of scientific tratli, to prepare some kind of answer; as, hoireFer, 
oa a more attentive pem^, I find thiit yon yonraelf appear implicitlj 
to adopt Cftptain Hirtton'B view», xdA actually use these words, ' We hava 
long tieon conscions of the error here so well painted out by Capbun 
Entton, in common mitft every wie wAo hat viaited the Himalaya,' I 
feel more inclioed to addreaa you, in Üie fint inalanoe, and to ask wiuy 
fher yoQ «ill puhliab a short roply wliieh I modilbtc ; and whether your 
note to Captain. Hntton's paper was written after your own full and care- 
fill examination of the snlgect, or merely on a general kind of aeqmes- 
Mnce with the fiwt tad opinion« of your able Mntribirtot, who i« so woÜ 
known and eMeesMd aa a collector of acientiSc datal ¥ow 1 am ona 
who have visited the Him^ya on the western side; I have crossed Iha 
Borendo Or Boorin Pasa into the Buspa valley, in Lower Kanawar, 
returning into the Eewüen mountains of Qharwal by the Koopin Pass; 
I bave visited the sontce of the Jumna, at Jumnootree ; and moving 
eastward, Ute soarces of Um Kalee or Hundaknee bianch of the Ganges 
alt Eadanwdt^ of the Viebneo Gonga, or Aluknunda, at Buddrinatk 
and Ifana; ofthe Pmdiir,atth«foot of the Oreat Peak Nuodidevi; of 
the lAoulee bnjtch of the Qanges, beyimd Neetee, croaung and recrow- 
Ing the past of that name into Tliihet ; of the Goree or great branch of 
tte Sanhdi, or Kalee, near Oonia Dhoora, beyond Melnm. I hare also, 
in my offiualo^a<dty, made theaetüementofthe Kiote Uehala if this 
jaoyiaae. Uy re^anee of more than six years in Ihe hills has thrown 
UM constutly in lb miy of Evopean and native travellers, nor have I 
ne^ect«d to acquire information fmm the recorded laboais of others. 
T^ witlt dl äiis exptrieDoe, I am pieparsd to aSim that the serp^tnaE 
muieJüttüalaki^erdevatipn oati« nsrtheni slope of 'uuHim«- 
li^' than on tbe •ontlnm alope. 

"ThebotamoiUonsd by -Captin Hntton appear to me only to refar 
to Ute northeni ridea of all mountuns in these region«, and not to 
aSiKt, ia any way, tjie rapoctg of Capt^ Webb and otheis, on wliick 
Hombtddt farmed bia thsery. Indeed, how can any &cta of one 
ohetrrei, ia mw plaoa, &lsify the tacts of another obaerrer, in another 
place ] 1 willingly allow that the north aide of a hill retwiis the snow 
longer and deeper tliaa the aonth aide, and this observatim applies 
eviia% to heights ia Bhoto; but Homboldt's theoty is on the qnestioa 
of the perpetual tnow-line, and Captain Hsttoa'a re&canoes to Siml^ 
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ap1i«re being the controlling caiuea on whidi depend the 
■gricultural or pastortJ pursuits of the inhabitants of exten- 
nvo tracts of continents. 

An the quantity of moisture in the atmosphere increases 
with the tempemture, this element, which is so important for 
the whole organic creation, must raiy with the hours of the 
day, the seasons of the year, and the difierences in latitude 
tnd elevation. Our knowledge of the hjgrometric relatioiw 
of the Earth's sui&ce, has been very materially aogmenteil 
folate years, by ^e general application of August's Psychro- 
meter, framed in accordance wiöi the views of Duton and 
Daniell, for determining the relative quantity of vapour, or 
the condition of moisture of the atmosphere, by means of the 
difference of Ute deu> point and of the temperature of the air. 
Temperature, atmospheric pressure, and the direction of tiie 
winiC are aU intimately connected with the vivifying action of 
atmospheric moisture. This influence is not, however, so 
much a consequence of the quantity of moisture held in eoln- 
lion in different zones, as of the nature and frequency of the 
precipitation which moistens the ground, whether in the form 
of dew, mist, rain, en* snow. According to the exposition made 
by Dove of the law of rotation, and to the general views of 
this distinguished phvsicist,* it would appear, that in our 
northern zone, " the elastic force of the vapour is greatest witli 
a south-west, and least with a north-east wind. On the west- 
em side of the windroee this elasticity diminishes, whilst it 
increases on the eastern side ; on the Ibrmer side, for instance, 
and HniBooTea, and other monntaln ales, are onl of place in t^ qnes- 
tion, or «Isa h« figlita ig^nst s shadow, or an objection of big own 
ereaüotu In no part of Iue p^«^ doea he quote Hcoratelf the dictoin 
which he wishes (o oppoae." 

If the mean altitnde of the ThibetUn highlands b« 11,510 feet, ihey 
admit of compariBon with the iovelj and froitiol platean of Cazamarc« 
in Pent. But at this estimate Ui^ would still be ISOO ftot lower 
than the ptaieao of Bolivia at the lake of TiUcac^ tnd the cuuew^ of 
the town of Potosl. Ladak, as appears from '^gne's meaflurement^ hj 
detannining the hoiling-point, is [1094 f»et high. This te probab); ahn 
the Bleitnde of H'lABsa (Tul-snng), a moniiatle dt^, which Chinesa 
writen describe aa tlie realm of pUamm, and which ia muroimded 1^ 
vhiej'ardB. Must not these lie in deep valleys ) 

* Sea Dove, Meteoroloffitche VergUiehung oon Ifordamtnia tad 
EvTppa, in Schumacher's JahrlntiA jftlr 1841, a Sil ; and bis Meteor^ 
eloffueie UrUtmieluaven, b. 110. 
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the coldjdeiiBe, und diy current of air repels Üie warmer lighter 
emTent contaimng an abundance of aqueous Tapour, whilst 
on the eastern side, it is the former current which is repulsed 
by the latter. The south-west is the equatorial current, while 
the north-east is the sole prevailing polar current" 

"Hie agreeable and tresh verdure which is observed in loany 
trees in districts within the tropics, where, for five or seven 
months of the year, not a ctoud is seen on the vault of heaven, 
and where no perceptible dew or rain falls, proves that the 
leaves are capable of extracting water &om the atmosphere hj 
a peculiar vital process of their own, which perhaps is not 
alone that of jproducing cold by radiation. The absence of 
rain in the and plains of Cumana, Coro, and Ceara in North 
Braal, fbrms a striking contrast to the qnanti^ of rain which 
blls in some tropical regions, as for instance, in the Ha\-annah, 
where it would ^pear from the average of six years' observa- 
Hon by Ramon de la Sagra, the meaa annual quantity of 
tain is 109 inches, equal to four or five times that which 
&lls at Paris or at Geneva.* On the declivity of the Cordil- 
leras the quantity of rain, as well as the temperature, dimi- 
niahes with the increase in the elevation-T My South 
AmericaD fellow-traveller, Caldas, found that at Santa F^ de 
Bc^ota, at an elevation of almost 8700 feet, it did not exceed 
37 inches, being consequently little more than on some parts 
of the western shore c^ Europe. Boussingault occasionally 

* The mem uuia»! qumtit; of rain th&t fell in Paris betveen 
180E uid 1823, vss found by Antgo to be 20 inches; in London, 
latween 1812 and 1S2T, it na determined b; Howard ttt 2G inelies; 
vhilst at Geneva the niean of thirt;-t«o years' obaerraUoB ma SO'G 
tu^eo. In Hindustan, near the coast, the qoantit; of lain is from 115 
to 12S incheai and in the island of Cuba, fully 142 inches fell in 
the year 1S21. Willi regard to the distribution of the quantity of rain 
In Central Europe, at different periods of the year, see tlie admiiable 
Moeorcliea of Oasparin, Schouv, and BraTsis, in the Bibtio&igae Pni- 
venelU, t zxxTUi. pp. Gi and 2Ui TabUau du Climat d« VllaiU, 
B^Te ; and Uartins' notes to luB excellent French translation of KKmt^s 
Forluuniren ll^** Mtttorologie, p. H2. 

t According to Bouningault {Economie rvroU, t. ii. p. SB3), the 
nean quantity of ndn that fell at Harmato (latitude 6° 27', altitude 
46T5 twt, and mean temperature 69°) fn the years 1833 and 18S4, 
ma U inohe«; whilst at Santa FS de Bogota (latitude 1° S6', alti* 
tilde 8fl8£ feet, and mean tempentore GS*,) tt only amonnt«d t« S&i 
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otwetred dt Qnito, Üiftt Sauasnre's bygrometer Tceeded ii> 29", 
with a temperature of from 53''-6 to 55''-4. Qay-Lnssac Baw 
Ibe same hysrcmeter standing at 35°'3 in his great aero, 
static ascent m a Btratum of air 7034 feet high, and with a 
temperature of 39'''2. The greatest drynesa that has yet 
besn observed on the surface of the globe in low lauds, is 
probably that which Gustav Kose, I^Fesberg, and myself 
ftnmd in Northern Asia, between the yalUys of the Irdficb 
■nd the Oby. In Ihe Steppe of Platowdcaja, after south-west 
trinda had blown for a long time from the interior oS the 
Continent, with a temperature of Tl"'?, we found the dear 
point at 24°. The air contwned only -j^ erf aqueous T^wur.* 
The accurate observers, l^imtz, Bravais, and Martins, have 
raised doubts duri^ the last fbw years r^;arding tiie greater 
dryness of the mountain air, which appeared to be proved hy 
the hygrometrio measnreineiits made by Satusure Emd rayee^ 
in the b^her r^ons of the Alps and the CordÜleiaa. Tha 
sbata of air at Zurich »td on the Fauthora, which cancot he 
considered as an elevated mountain when compared with ikhI' 
European elevations, frtmished the data ^aj^yed in ti» 
comparisons made by these observers.! In 'Üie tropica 
region of the Paramos (near the region where snow begins to 
&11, at an elevation of between 12,060 and 14,000 feet) some 
HMcies of hirge flowering myrtle-leaved alpine shrubs are 
almost constant^ bathed in moisture, but this act does not 
actually prove the existence of any great and absolute quantity 
of aqueous vapour at such an elevation, merely afPoming aa 
evidence of the frequency of aqueous precipitation, in like 
nann^ as do the frequent lüjäa with which the lovely 
idfttean of Bt^ta is covered. Mists arise Hid disappear 
aeveral times in the conrae of an hoar in such elevations as 
these, and with a calm state of the atmosphere. These rapid 
alternations characterise the Paramos and the ekvated plaons 
of the chain of the Asides. 

TAa ^ectricity of the almogphtre, whetJwr eonsidereä in the 
lower or in the upper strata of the clouds, in its silent pro- 

• For the particnlarHofthiHöbB5rTalJon,gee »sy-4«ece»(raf^ t ffl. 
pp. S5-S9 and 60T ; and reganiing the aanoimt of vapour in tbe stmo- 
^here, in tho lovlandB of tropical Sonth Anaeriea, consult mj RttA 
Mtt, t i. pp. 212-2*8, t. ii. pp. *&, 184. 

+ TiAmiz, Vm-lesut^/en überifeteorolosic, a 117. 
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})lematical diumal eours«, or m the esploaion of the lightning 
and thunder of the tempest, aj^Etrs to stand in a manifold 
zelatioa to oU. phenom^ia of the distribution, of heat, of the 
preasure of the atmoaphere and its disterbaiioeB, of hydro, 
meteoric exhibitiooa, and probably also of the magoetigin t^ 
'Qie external crust of the earth. It exereiaes a poweriiil 
influence on the whole animal and vegetable world; not 
jneKty by meteoroli^cal pTocesses, as precipitations of 

Xeoiis vapour, and of the acids and ammoniacol compounda to 
oh it gives rise, but also directlj as an elecfrio force acting 
on the nerves, and prranotiag the circidation of the oi^anio 
juioee. This is not a place in whi^ to renew the discussion 
that has been started r^ording the actual souree of atmo. 
spheric etectrieity when the sky is clear, a ;[^enttaien(Hi that haa 
utemately been ascribed to the cvaptMratian of impure fiuida 
impr^piaited with earths and salts,* to the growth of plants,! 
or to eome other chemical decompoaifiHis on the sui&oe of the 
eftrth, to the unequal distribution of heat in the strata of the 
täi,l and, finally, aoeording to Peltier's intel%ent reseaTcheB,g 
to the agency of a cwiBtant charge of negative electricity in 
the terrestrial globe. Limiting itself t« results yi^ed by 
dectTtnuetric obsorvationB, such for instanoe as vj» Atrnished 
by the ingenious eleofiro-magnetic apparatus first proposed by 
CoUadoa, the physical deseiiption of the universe should 
merely notice the incontestible increase of intensity in the 
general positive electricity of the atmosphere, 1| accompanying 
an increase of altitude and the absence of trees, ifa daily varia- 
tions (which, according to Clark's expeiim«it8 at Dublin, 
take place at more complicated periods than those found by 
SauKure and myself), and its variations in the diflbrcnt seasons 
of the year, at dificrent distances from the equator, and in 
the different relatione of continental or oceanic surface. 
The eLectiic equilibrium is less frequently disturbed where 

* Begarding Uie eonditions of eledtidly frain er^Kmtioa at high 
{«iiiperataMa, see Peltier, la Uie Antiaiea de CMiaie, t. Ixiv. p. 330. 

■t PoniUet, in the AnnaUa de ChimU, t. zxzv. p. 40S. 

j: De la ^ve, in hU «Inurabl« M»Mi hiatorigiie «ur rStieiriciU 
p. 140. 

B Peltier, in the Coawta rendaa de VAcad. da Sciencu, t. zii. 
p. SOT ; BecqueiEl, Trmtt de iElectriciti it du Magnttvime, i. iv. 
p. 107. 1 

H I>npK!;, Snr TBlearicHt dt VAir, (BnweneH, 1844,) pp. 66-61, 
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the aerial ocean rests on a liqtiid base than where it impends 
over the land; and it is very striking to observe how in 
extensiTe seas small insular groups aSeat the condition of the 
atmosphere, and occasion the formation of storms. In fogs, 
and in the commencement of &11b of snow, I have seen, in a 
lOTig series of observations, the previously permanent positive 
electricity rapidly pass into the n^iative condition, both on the 
plains of the colder zones, and in the Paramos of the Cordil- 
terns, at elevations varying from 11,000 to 15,000 leet The 
alternate transition was precisely similar to that indicated t^ 
Ihe electrometer shortly before and during a storm.* Wheu 
the vesicles of vapour have become condensed into clouds, 
having definite outiinee, the electric tension of the estemal 
Bor&ce wiU be increased in proportion to the amonnt erf 
dectricily which passes over to it &om the separate vesides 
rf vapour-t Slate-grey clouds are charged, acoording to 
Peltier's experiments at Paris, with negative, and white red, 
and orai^-coloured clouds, with positive electricity. Thunder 
clouds not only envelope the highest smmnits of the chain of 
the Andes, (I have myself seen the electric edect of lighte- 
ning on one of the rocky pinnacles which project upwards of ' 
15,000 feet above the crater of the volcano of Tolnca), but 
äiey have also been oberared at ft vertical height of 26,650 
feet over the low landa in the temperate zone.^ Sometimes, 

* Humboldt, RtlaUon hitUyrique, t. 111. p. 318. I here onl? refsr to 
those of mj ezperimenta in irMch the tlu«».fQot metallic conductoc of 
SftnsEure'B electrometer wsa neiUter moved apwaitU or dowtnrardB, nor, 
according to Volta's proposal, armed irilh bnming sponge. Those of 
■nj nadeis irho are wdt scqoainted with tlie fiuaiionet vecata of 
atmospheric electricity, will ouderatand the groands for this limitaüon. 
BeBpecting- the fonuation of storms in the tiopiia, see my E&. hitt^ 
X. ii. pp. <S uid 202-209. 

t Gaj-t'tissac, in the Annalea de Ckimit el de Physiqae, t viii, 
p. 16T. In oonseqnence of the discordant riews of LaroS, Becqneral, 
snd PelUer, it is diScolt to come to a conclnüon regarding the cause kX 
the specific distrihntion of elcctricit; in clond«, soma of which have a 
positive, and others a negative tooaion. The negative electricity of tlie 
tix, «hicli nesj- high irater-folli is csoeed by a disintegration of the 
drops of irater — a &ct origlmtll; noticed by Tratles, and conflrmed by 
myself in various latitudes— is very remaibible, and Is gufficienUy 
intense (o produce an appreciable effect on a delicato eleeliometor, tX a 
aistanoe of 300 or 400 feet 

Z Arago, in Uie Annvaire du Burton da Longitude* pour 18S3, 
p. 8*9. 
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hoveTer, the stratum of cloud from whicli the thunder pro- 
ceeds, sulks to a distance of 5000, or indeed only 3000 leet 
above the plain. 

According to Arago's investigations — the most comprehen- 
sive t^t we possess on this difßcult branch of meteorology^ 
the eTolation of light (lightning) ia of three kinds: — zig-zag, 
and sharj^y defined at the edges ; in sheets of %ht, illuminat- 
ing a whole cloud which seems to open and reveal the light 
within it; and in the form of fire-balls.* The duration of 
the two first kinds scarcely continues the thousandth part of 
a second ; but the globular lightning moves much more slowly, 
remaining visible for sevei^ seconds. Occasionally (as is 
proved by the recent observations, which have oonfirmed the 
description ^ven by Nidiolson and Beecaria of this pheno' 
menon) isolated clouds standing high above the horizon, 
continue uninterruptedly for some time to emit a luminous 
radiance firom their interior and from their margins, although 
there is no thunder to be heard, and no indication of a storm ; 
in some cases even hail-stones, drops of rain, and flakes of 
BBOW have been seen to fall in a luminous condition, when 
the phenomenon was not preceded by thunder. In the geo- 
graphical distribution of storms, the Peruvian coast, which is 
not visited by thunder or lightning, presents the most striking 
cxintrast to the rest of the tropiräd zone, in which, at certain 
seasons of the year, thunder-storms occur almost daily, about 
four or five hours after the sun has reached the meridian. 
According to the abundant eTidence collected by Arago | from 
the testimony of navigators (Scoresby, Parry, Ross, and 
Kanklin) there can be no doubt that, in general, electric 
fiiplosiimB are extremelj' rare in high northern t^ons 
(between 70° and 75° latitude.) 

Tht meteorological portion of the descriptive history of nature 
which we are now concluding, shows, that the processes oi 
the absorption of light, the liberatiDn of heat, and the raida* 

* Arago, Op. cit, pp. 219-Sflf), {Sue also pp. 288-279.) 
t Anigo, Op. cit, pp. 38S-391. The learned Academician von Bmt, 
who has done so mach far the meteorology of Northem Asia, has not 
taken into condderaüon the extreme rarity of itomu is Iceiand and 
Oreenland ; he hae only remarked [Bulletin de VAeademie de St. 
FOtrAomrB, 1S38, Mai), Uiat in Nan Zembla and SpitibetgeD it is 
•Dmetime« heard to thunder. 
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tions in ihe elastic and electric tension, and is the li^[rone- 
Iric condition of the vast aerial ocean, are all bo intimataljr 
connected together, that each individual meteorologicftl process 
is modified by the action of all the others. The ccnnplicated 
nature of these distari)ing causes (which involuntarily Temind 
-us of those which the near and eepetnally the snudlest eoraoical 
bodies, tbe satellites, comets, and shooting stars, are sul^ected 
in their course^ incieasea the difficulty of giving & faä explan- 
ation of these involved meteorological phenomena; and like- 
irise limits, or wholly preclude« the possibility of that 
pcedetermination of atmosidieric changes, which would be so 
important for horticulture, t^;riculture, and navigation, no 
leas than for the comfort and enjoyment of life. Those who 
^ace the value of meteorology in this problematic species of 
jRediction rather than in the knowledge of the phencnnena 
themselvea, are firmly convinced that this branch of s^enoe, 
m account of which so many expeditions to distant moun- 
tainous Tenons have been undertaken, has not made any very 
«cmsideraUe progress for centuries past. The oonfidenee 
iriiich they refijse to the physicist they yield to changes of 
the moon, and to certain days mariced in Üie calendar by the 
superstition of a l^-gone age. 

" Great local deviations from aw distribution of the mean 
temperature are of rare occurrence, the variations beii^ in 
sHieral uniformly distribated over extensive tract« of land, 
llie deviation after attaining its maxiraum at a certain pontt, 
gradually decreases to its limits ; whm these are passed, how- 
enr, decided deviations are obserred in the oppotite dirtcliim. 
SimÜar relations of weather extend more frequently from sonth 
to north, than from west to east. At tlie close of the yeu I &3S, 
(when I had just completed my Siberian journey) the msz- 
imum of cold was at Beriin, whilst Nortb Aoserica enjoyed 
tn unusually high temperature. It is an entirely aibttnrj 
aasumptien to believe that a hot summer sncoeeds a swer« 
winter, and that a cool summer is preceded by a mild winter." 
Opposite relaüoDs of weather in contiguevs countries, or in 
two eom-growing e<«itinenta, give rise to a beneficent equal- 
ization in the prices of the products of the vine, and of agricul- 
tural and hcorticultural oultivation. It hae been justly 
lemarked, that it is the baxoaiete; alone which in^cates to 
us the changes that occur in the pressnte of Urn air t^sou^te 
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OBt tH the fteiial stoata firam the place of obserration to the 
extremest confioes of the atmosphere, whilst* the thennoaieteT 
and Psychrometer onlj acquaint us with all iJie Tariations 
occurring in the local heat and moistuie of the lover strata of 
air in contact with the ground. The aUauItaneone thennic and 
h^Tomctric modi£catioas of the upper regions of the air, cttn 
only be learnt (when direct observations oa mooutain stations or 
aeroatatio ascents are impracticable,) from hypothetical comlü- 
nations, by inaliiii g the barometer serve both as a thermometer 
and an hygrometer. Important changes of weather are not 
owir.g to merely lo43al causes, situated at the place of observa- 
tion, but are the consequence of a disturbance in the equUi" 
brium of the aerial currents at a great distance from the surfaee 
of the Earth, in the higher strata of the atmo^iherc, bringing 
cold or wann, dry or moiat air, rendering the sky cloudy <x 
Mxeae, and converting the accumulated masses of clouds into 
light feathery drri. Aa therefore the inaccessibility of the 
phenomenon is added to the manifold nature and compticatioa 
of the disturbances, it has always appeared to me, that mete- 
omiogy must first seek its foundation and progress in the 
tonid acme, wh^re the variations of the atmoaph^c pressure 
the course of hydro-meteors, and the j^aomena of electric 
explosion, ore all of periodic occurrence. 

As we have now passed in review the whole sphere of 
inorganic terrestrial life, and have briefly considered our 
planet with reference to its form, its internal heat, its elec(n>- 
magnetio tension, its j^enomena of polar light, Ihe voleaaie 
reaction of its interior on its variously composed soKd crust, 
and, lastly, the phenomena of its twofold envelop^ — the 
aerial and liquid ocean— -we might, in accordance with tiie 
older method of treating ph^cal geography» consider that we 
bad completed our descnptiye history of me globe. Bat the 
nobler aim I have proposed to myself, of raising the contemplai> 
tion of nature to a more elevated point of view, would be 
defeated, and this delineation of nature would appear to lose 
its most attractive charm, if it did not also include the sphen 
of organic life, in the many stages of its Epical development. 

* ElnU, in Schnnucher'B/ii&riwc&^ar 1838, 1.285. Begudiw 
the wp«ai(e dietiibntiiHiof heaCin theeut and thsweaiof EurapesM 
Kotth America, laa Dove, JlgwrtorUM der Phftik, bd. iiL s. Stöf- 
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^e idea of vitalitr is eo intimately associated with the idea 
of tbe existence of uie active ever blending natural forces which 
animate the terrestrial sphere, that the creation of plants and 
animals is ascribed in the most ancient mythical rc^tresenta- 
tions of many nations to these forces, whilst the condition of 
the Bui&ce of our planet, before it was animated b^ vital 
forms, is regarded as coeval with the epoch of a chaotic con- 
flict of the stmggUng elements. But the empirical domain 
of objective contemplation, and the delineatioB of our planet 
in its present condition, do not include a consideration 
of the mysterious and inscdnUe problems of origin and 



A cosmical history of the universe, resting upon &ct8 as its 
basis, has, from the nature and limitations of its sphere, neces- 
sarily no connection with the obscure domain embraced by s 
history of orgamnn»* if we nnderetand the word liittory in its 

* The Atftory of plant», irMch Bndlicliei sod XJager lure doKribed 
In a most msMerljr manner {Onaidx&ge der BoUuuk, 184», a 418-168}, 
1 mjself Bepsisted &x)m the fetvnipAy nf planlt, bajf s century »go. 
Id the apharioni ^>ended to my Svitaramean flora, the foUowing 

vocalinlo miniu apto, ei anUquitale saltern bsod petiU), otar, corpoim 
OTgsniCft »que ac inorganics conBidciaL. Sunt enim tiia quibus abaol- 
«itoT capit« : Oeogntpbia oiyctol^ca unam gimplidter Oe^^iwiam vel 
Geologiam dicunl, virqne acutisdmus Wemerus ^i^ie digcssit ; Oeo- 
naphia soologica, cqjm doctrinn (bndameata ffimmermaiiniis et 
Trarinniu je«nint; et <}eogr^tds ^antsnuQ quam «quilca Bostri 
din intaclam reliqaomnt. Oeognphis plantanun Wncnlftet c«giuth>- 
nem tradit, qnlbus omnia T^etabilia inter ae connexa mntv teme 
tntetnt qniM t«ne«nt, in aerem atmospluericiun qon mt eamm via osten- 
dit, saxa atque rupei qoilxu poüsumum al^üiua piimoidiis ndiö 
buaqae destrnantor docet, et quo paclo in tetluria nperfide hmniu 
mscstar, commemoisL Eat itiqne qnod diSerat intei OeognoBiam et 
PI^Biographiam, ftuCma natitraiU peipeiam nuncnpstMO quam Zoo- 
gnoaia, Pfajtogniosis, et Oiyctogiuiaia, qua qoidem omnca in aalone 
isTCsUgstione venantur, non nisi slngalonim animalinm, pUotarom, 
nrom metaUicsnmi t«I (venia sit mAo) fos^om fiuinaa, aoatomen, 
virea icratantor. Hlstoria TeUnria, Oiiognodn magii quam Phjiiogm- 
jihi» affinia, nemini adhue t«ntaU, piuitanun suimaliurnqoe gmeia 
orbem iahabiUntia primnnuD, mi^suones eonun complurinmqne 
inleritum, oitmn quern monies, valles, aazorum sUata et veun metAlli- 
lene dacnnt, aerem, mutatis temporum vidbos, modo ponmi, modo 
K BDpoficiem humQ plantisqne psnlatim obtectam, flnmi- 



DyGoogle 



ItOTION IK FIANTS. 349 

bnMtdest sraiae. It must, howeTer, be remembered, that the 
inorganic amet of the Earth contains within it the eame 
elements that enter into the structure of animal and vegetable 
organs. A ph]rBicBl cosmography would therefore be incom« 
plete, if it were to omit a conBideration of these forces, and 
of the substancee which enter into solid and fluid combina- 
tionB in organic tissues, under conditions which, from our 
ignorance of their actual nature, we designate by the vague 
term of vital forces, and group into Tarious Systems, in accord- 
ance with more or less perfectly conceived analogies. The 
natural tendency of üie human mind, inwiluntarily prompts 
us to follow the physical phenomena of tiie Earth, through all 
their varied series, until we reach tLe final stage of the mor- 
phological evolution of vegetable forms, and the self-deter- 
mining powers of motion in animal organisms. And it is by 
these links that the gtogrophy of orgamc Imng» — of plant» and 
animals — is connected with the delineation of Üie inorgitnio 
phenomena of our terrestrial globe. 

Without entering on the difficult question of tpontaneoua 
motion, or in other words, on the difference between veeet- 
abte and animal life, we would remark, that if nature nad 
endowed us with microscopic powers of vision, and the inte- 
guments of plants had been rendered perfectly transparent to 
our eyes, the vegetable world would present a very different 
aspect from the apparent immobill^ and repose in which it is 
now manifested to our senses. Toe interior portion of the 
cellular structure of their organs is incessantly animated by 
the most varied currents — either rotating, ascending and 
descending, ramiiying, and ever changing their direction, as 
mm et HiatorU oiyctolo^ea, qiuB non niri priatinnm orbis term 
BtataiQ indicant, a Geogncäs probe dietingneniiffi." Hnmboldt, Flora, 
Friburgauis subterranea, cut aecedtini Apkorismi tx Physiologia 
Aemica Plantarv-nt, 1793, pp. ix.-i. Bespeding the "spoctoneouB 
moüon," which is referred to in a mbaeqaent part of tbe teit, eee the 
remarkable passage in Aristotle, De Cado, ii. 2, p. 281, Bekker, vhers 
the distinction between snimaM and inanimate liodies In made to 
depend on the internal or external position of the seat of the determin- 
ing motion. " No movement." says the ätsgirite, " proceeds from tbe 
vegetable spirit, becanee plants are buried in a atill sleep, from vhich 
nothing can amuse t^iem." (Aristetle, De QenaraL Animal, r. 1. p. 778, 
Bekker) ; and again, " because plants have no deüres which incit« 
them Id ipantaneoas motion." {ArlsL, De Somno et Vigil, ctip. I. p. IGL 
Bekker.) 
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suuöfested in the isotioii of tlie granular mucus of marine 
plants, (namdea, cfa&ruee, hydnx^aride,) and in the hairs of 
phanerogamic hutd pluits ; in the molecular motion first die- 
oovetred bythe illiffitnoos botanist' Robert Brown, and frindi 
may be trsc«d in the nltimate portioas <^ every molecule of 
matter even when separated from, the oigaa; in ^e gyra- 
tory cuirenta of Um globules of camlnimi (ei/o&Mu) ciicn- 
latmg in tbeir peculiar yessels ; and finally, in the sb^b- 
lorly articulated e^-unrolling filamentous Teasels in tfae 
antheridia of the dian, and in the reproductive otg&ns o£ 
livennHls utd alge, in the structural condiliong of which 
Meyen, unhaj^y too early lost to science, bdiered that he 
recf^nised an «nalegy witli t^ ^Knnatozoa of &e '"■■'"1^1 
kingdom.* If to Üiese manifold currents and gyratory move- 
stents we add the ^oiomeiia of endosmosis, natritioB, and 
growth, we shall haTe some idea of tltose forces, which ase 
ever active amid the apparent repose of vegetable life. 

Since I attempted in a, fonner woric, AnaitAten tier Natw, 
(Views of Natare) to delineate the universe difiiision of life 
avex the whole surboe of the Earth, in the distributiMi <d 
oiganic forms, both with respe^ to elevation and depth, otur 
Imowledge of this branch of science has been moat rcnuuk- 
ahly increased by Ehrenbö^'s brilliant discovery " on nncro- 
Boopic life in the ooean, and in the ice of the p(dar r^ons," 
>— a discovoy based Bat on deductive oondumons, but am 
direct observaticm. Ihe sphere of vitality, we mi|^ tdmoBt 

* [" In eertiiii parts, probably, of si! ^anta, are fomid pecolisr eplnl 
filaments, haring n iti-i^ng nMmblanee to the apemiMotoa of ™'"**^, 

The; have been long knovn in the orgaos ctilled the antheridia ti 
UosMS, HepaticEB, and Characeie, acd have more Tecentl; been disM- 
Tered in peculiar cells on the germinal frond of fema, and on tlie very 
yonng leav^ of the bnds of Phanerogamia. The; are fonnd in peculiar 
cella, and when these are placed in w»ter tJie; are torn b; the filament, 
«hlch commences tm active spiisl motion. The signification of these 
nsans ia at present quite unknown ; the; appear, &cnn the researches of 
ingeli, to resemble Uie cell macilage, or proto-plasma, in compoidtirai, 
and are developed &am it. Schleiden regards them as mere mncila- 
ginons depodts, ibmlar Co those conaected with the circulation in cell^ 
and he contends that the movement of these bodies in water is analo- 
gooB to the molecular n^otlon of small particles of organic and inoigaals 
substances, and depends on mechanical causes." — QufZinu qf Straäural 
mtd Pkynalogical Satany, bj A. Henfre;, F.L.S.,&c., 18ifl,p. 2S.P-7V, 
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SBT) tbe horiion oi life, h&B been expanded before our eyes. 
" Not only in the poW regions ie there an uninterrapted 
development of active microscopic life, where larger nnimw l n 
can no longer exist, but we find that the microecopic animals 
collected in the Antarctic expedition of Captain James Bosa, 
exhibit a remaricable abundance of unknown and often most 
beantiftil forms. Even in the reBiduum obtained from the melted 
ioe, swimming about in round fragments, in the latitude of 
70° 10', there were found upwards of fifty species of siliceoua- 
sheUed polygastria and coscinodiscee with tjieir green ovaries, 
and therefore living and able (o resist the extreme severity of 
the cold. In the Grulf of Erebus, sixty-e^ht siliceous-ahelled 
pol^iastritt and phytolithMia, and only one calcareous-Bhelied 
polytholamia, were brou^t up by lead sunk to a depth of 
from 1242 to 1620 ffeet." 

"Hie greater number of the oceanic miertÄCopic forms 
hitherto discovered have been eüiceous-shelled, although the 
analysis of eea wat«r does not yield silica as the main con- 
stituent, and it can only be imagined to exist in it in a state of 
enspension. It is not only at porliGular points in inland seas, 
or m the vidnity of the land, that uie ocean is densely 
inhabited by livii^ aton^, invisible to the naked eye, but 
samites of water taken up by Schayer on his return from 
Van Diemen's Land (south of the Cape of Good Hope, in 57° 
latitude, and under the tropica in the Atlantic) abav that 
(he ocean in its ordinary condition, without any apparent 
discoloration, contains numerous microscopic moving organ- 
isms, which bear no TCBemblanco to the swimmii^ ft^- 
mentary siliceous filaments of the genus cheetoceros, similar 
to the oaciUatoriea so common in our &«sh waters. Some 
few polygMtria ertlich have been fijund mixed with sand and 
excrements of penguins in Cockbum Island appear to be 
spread over the whole earth, whilst others seem to he peculiar 
to the polar r^ons,* 

* See Ehrenberg's treatiee Ueber daa kleinste Leben im Oeean, read 
bafiwe tlw Academ; of Science at Beriiu, od the 9tli of M»;, 1814. 

pjr. J. Hooker fcnind Diitomace« in coantlBs« oumbera betweBntJie 
pmll^ of 60° und 30° Bonth, where they gave t, colour to the aeo, and 
tbut to the icebe^s floating in it. The death of these hodiea in tiw 
SmA AlDtic Ocean is producing a snb-maiine depost, con^ating 
wKirij of the sQiceona pKrticleB of which the skeletons of theM 
ncetid>tes ue con^oaei. Xhis d^Kwit exists on the shorea of Tletoiia 
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We thus find £roiii the moat recent oheervatjons that animal 
life predominates amid the eternal night of the depths of 
ocean, whilst vegetable life, which is so dependent on the 
periodic action of the solar rays, is most prevalent on conti- 
nente. The mass of vegetation on the Earth very far exceeds 
that of animal oi^anisms. Por what is the volume of all the 
lai^ living cetacea and pachydermato, when compared with 
the thickly crowded colossal trunks of trees of &oni 8 to 12 
feet in diameter, which fill the vast forests covering the 
tropical r^on of South America, between the Orinoco, the 
Amazon, and the Rio da Madeira. And although the character 
of difierent portions of the earth depends on the combiuatioa 
of eitemal phenomena, as the outUnes of moimtains — the phy- 
nognomj of ^ants and animals — the azure of the aky — the 
forms of the clouds — and the transparency of the atmosphere 
^t must still be admitted that the vegetable maaüe with 
which the earth is decked, constitutes the main feature of 
the picture. Animal forms are inferior in mass, and their 
powers of motion often withdraw them fi:om our sight. The 
vegetable kingdom, on the contrary, acta upon our imagination 
1^ its continued presence, and by the magnitude of its forms: 
for the size of A tree indicates its age, and here alone age is ass<>< 
ciated with the eipression of a constantly renewed vigour.*' 
In the animal kingdom (and this knowledge is also the result of 
Ehrenberg's discoveries) the forms which we term ndcroscopic 
occupy the largest space, in consequence of their rapid pro- 
pagation.! '^^ minutest of the infusoria, the monadii^, have 

Isnd and at the base of the Tolcanic mountain Erebus Dr. Hooker 
acconnted for the fact, that the akeletona of Di&tomacete hdd been found 
in th« lava of volcanic moimtaina, by referring to these depodts at 
Uount Erebus, which lie in euch a position as ta render it quite possibis 
tliat the BkeletonE of these vegclables should pass into the lower 
fisEnree of the mountain, aad then passing into ate stream of lava, be 
thrown out, unacted upon by the bent to which they have been ezpoeed. 
See Dr. Hooker's Paper, read before the British Aosodation at Ox&ird, 
July, 18*7.]— Tr. 

* Humboldt, Atuxdilen der Notar (2te Ausgabe, 1826), bd. il. a 21. 

+ On multiplication by sponlaneons division of the moljier-corpascle, 
and intercalation of new sabstance, see £hrenberg, Von den jetsl iefr«n- 
den Tkierarien der Kreidebildunff, in tbe AbliandL der Serliner 
Ahad. der WUs., 1839, s. 91. The most powerful productiTO (acuity 
In nature, ia that manifeeMd in the vorticellB. Eatimations of tha 
Smatesf posdble development of masses will be found ic JSirenberg'K 
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a diiuneter whicli does not exceed j p ' ^ g of a line, and jet 
titese siliceous-shelled oipmisms form m humid districts 
Bubterranean strata of many &thoms in depth. 

The strong aod beneficial influence exercised on the feel- 
ings of mankind hy the consideration of the diffusion of life 
throughout the reahns of nature, is common to eveiy zone, but 
the impression thus produced is most powerful in the equa- 
torial regions, in the land of palms, bamboos, and arborescent 
fbrns — where the ground rises from the shore of seas rich in 
mollusca and corals, to &s limits of perpetual snow. The 
local distribution of plants embraces almost all heights and all 
depths. Organic forms not only descend into the interior of 
tiie earth, where the industry of the miner has laid open exten- 
«TC excavations, and sprung deep shafts, but I nave also 
found snow-white stalactitic columns encircled by the deli- 
cate web of an IJsnea, in caves where mete(»ic water 
could alone penetrate through fissures. Podurellte penetrate 
into üie icy crevices of the glaciers on Mount Rosa, the 
Grindelwald, and the Upper Aar; the Chionea araneoides 
described by Dalman, and the microscopic Discerea nivalis 
(formerly known as Protococcus), exist in the polar snow as 
well as in that of our high mountains. The redness assumed 
by the snow after lyiog on the ground for some time, was 
known to Aristotle, and was probably observed by him on 
the mountains of Macedonia.* Whilst on the loffiest sum- 
mits of the Alps, only Lecideee, Parmelise, and Umbilicarite, 
cast their coloured but scanty covering over the rocks, ex- 
posed by the melted snow, beautifid phanerogamic plants, as 
the Culcitium rufescens, Sida pinchinchensis, and Sazi&aga 
bouBsii^ulti, are still found to flourish in the tropical region 
of the chain of the Andes, at an elevation of more tban 
15,000 feet. Thermal springs contain suudl insects (Hydro- 
porua thermalis), gaUionellie, oscillatoria, and conferva, whilst 
their waters bathe the root-fibres of phanerogamic plants. 

great work. Die la/uHonOhierdiat alt vollbimmTK Organirmen, 1888, 
a. xiii III. and 244. " The milky mj of tbese oi^tuiismB comprisea 
the genera Honaa, Vibrio, Bacteiiimi, and Bodo." The ouiveiBallt; of 
life is HO profoBel; distributed thrau^ont the «bole of imtiira, that tho 
•mailer infugom live as panwitea on tlie larger, mi are Utemselves 
jnliabited by othen; a. 194, 211, and 612. 

* Ariitot., Bitt. AninwA, v. six, p. SS3, B«kk. 
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As air and water arc animate«! at difierent tempeiatorw ]iy 
the presence of vital oi^aniscas, so lilcewise is the interior .of 
the different portions of animal bodies. Animalcoies have 
heen Iband.in the blood of the frogand the salmon; aocordiiiK 
to Noidmaiui. the fiuids in the cjes df fishes sre often filled 
with a worm that lives'by suction (Diplostomom), whUst in the 
gDls of the bleak the same observer has discovered a ronuti^ 
able doable animalcule (Diplozoon pamdoxum), having a 
Kross-ehapeä form with two heads and two candal estremifMS. 
Although the exiet^ice of meteoric iidusoria is more than 
doabtfiil, it cannot be denied, that in the same manner as (he 
pollen of the flowers of the pine is observed every year fo 
Bill from the atmosphere, minute infueorial animalcules -may 
ükewise be retained for a time in the strata of the air, after 
having been .passively borne up hy currents of aqneona 
TBponr.* This circumstance merits setious attention in recon. 
sidering the old discussion respecting spontaneous generatiim^ 

* Shnahns. CP' r^ s. xiv. v?- 1^8 »^ 493. Tl^ iqiid Biallitlli- 
.caaon of micnwcoptc orgMiimm is in the wae of some, (ie, fcr uiatance, 
in «hMt^eeU, wbcel-uiimÄlB, and vUer-beus or tardigrade animalcnltf^) 
acManpaaied by a remarkable tenacit; of life. They tune been «eea Ut 
owM to life from a EtaCc of iqiparent death, ^ier being dried for-twen^- 
d^t^sgrs in avaonoia with dilorijde of lime and aiilpfantic aeid, and 
after being e^Kiaed to a beat of 2i8°. S«e the beaotlfol experimentB of 
Sojiire, in Mist, jur la Tardiffradtt et svr leur propriiU lU rovswr 
ilavie,l&iZ,v:?- 119,12», 131, 133. Compare dso Ehrenberg, B. 492 
— 4S6, on the revival of animalimleB that bad boen dried during a ^ace 

•t' On the nippoUd " primitive timmtbrmafion' of organised or imer- 
ganiied mat(«r into jilwite sod animals, see Eäienberg;, in Poegoulaifra 
Atmale» dtr Physik, bd. iziv. a. 1-48, and also hia J^fiisianslhUr^f»», 
g. 121, £25, wd J»h. KtUIer, Pitsnolosie da Mensdten {He .Aufl., 
1844), bd. i. e. 8-17. It appears to me worthy of notice, that one of'the 
early Fathers if the Chuni, St. Augustine, in treating of the quesüon, 
bow iaiaiids may'have been covered with now animals and pluita dier 
the Flood, ahowa hinuelf in no w»y disiDcliaed to adopt tbe-view Of ttie 
so-called " gpontaneoos gmeiatjon" (stneraiio agitirofo, ^Mntaaeapttt 
primaria). " If," says he, " unioiiLla liaxe not been bronght to remote 

«haae, Ihey auut bave bun ywitpnannnlj prodooad i^mhi the «Hth ; 
-111. — 1. 1. — .!._ u i-:_i — : — i__i._, e,Uw<i,w«re 



(besUai) seanndtmoriginam primam,<iii>Bdo di«iti)eM : JpTottTKat lt m <a 
anitn^mvivam/ mulloclarina^tpuet^siHtlaBirapuBBdoniBiMi' 
causa, quam figursndarnm variargm gentium (!) froptai 
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axA the »ore eo, «s -Ebrcoberg, as I bave already remftrked, 
]U6 diaooTesect that the nebuloua dust or sand irliich mariners 
tiltea encounter <iii the Viiänity <^ the Cape Verd islands, and 
even art a dietuioe of 380 googniphical miles from the Afid- 
can ifdiore, oontaine the remains r£ «ighteen species of BÜi- 
«esne-dielled poj^;aatric animalcules. 

Vital organismfi, whose relations in space are comprised 
mtder Ute head of the geograj^y of plants and nniTiinla , siay 
be ctrasidered, either according to the diff^cnce and relative 
inimbeKe -oF-äte '^pes, (their an'angement into genera and 
«pecias,) or ttcoorduig to tiie number of individwda of each 
speoiss on a given area. In the mode of lite of plants, as in 
'thatofemmttle, an important difference is Dotioed; they either 
exwtin an isolated state, or live in a social condition. Those 
species of plants which I have termed social* unifcrmly cover 
lyarA extents -nf land. Among these we may reckon many of 
'the nuriite algta— «ladaciffi and mosses which extend over 
.tiie desert slepp«6 of Northern Asia — grasses, and cacti grow- 
ing together läse ihe pipes of an organ — avioeimis and man- 
«Tovas in the 'tropics— end forests of conifer» and of birches 
in the plains of the Baltic and in Siberia. This mode of geo- 

.mantam JQ Arcs faisse omnia genera, si in ineiilis qno trsDSU« non poncnt, 
mtilta Bmimili& ttira produxit." AngiutiitaB, De Civitate Dei, lib. xri. 
'«*p. 7 ; Opera, ad. Monaeh. Ordinie S. BenedieH, t. vii., Veuet. 17S2, 
-p. 422. Two centnii«» before the time of the Biishopof Hippo, ire find 
Uy extraeta Emm Tiogna FompoioH, that the gtTttrtUio j/rimaria was 
.brooght forwuni in oonnection with tbo oarliest drfiug up of the anaicDt 
world, and of the high table-huid of Asia, precisely in the sarae manner 
as .the terraces of Paradise, in the thecry of the great Liniueus, and in 
äi8 ■rirtooary hypotheses entertained in the eighteenth oentaiy regarding 
■tbeliMed Atiüitis : "Qnodid ODmeaqnondam tenteeabraeiBnprofando 
■tatBuA, vrofeiito editiwBum qosmque [Mat«ai deenrrentihas aquis pri- 
uuu» 4eteetAm; bamiuhno witem solo eaadem sqntun diuüamie 
.imnuKatam, et qnanto pdor qnmiDe pars terranun setatB, sit, tanlo 
.prins snimolla geiieiare crepisse. Poi^ Sc^iam a4eo ediliorem omni- 
'bos t^rria esse ut cuncta fiumina ibi nata in Hieotium, turn deinde in 
Ponttemn et Jlgyptinm omre daoarrant." Justinoa, lib. ii. c^. 1. Hie 
erroneons suppoidtiou that the land of Soythia ia an derated taUe-IanSi 
ia BO ancient, that ire meet with it most clearly eipreesed in Hippocrates, 
S)e.£reetAguit,m^.i,%99. Oomy. " ^(^ia,'" says be, " consiaVl of 
high and naked plains, which, without being orvwned with mount« lit, 
-aseand higher and higher towards the north," 

■" Hnniboldt, Aplionimi as Phgiioloffia Aemiearlanlt a am, jj> ta 
nira Fribergeruu tvblaranea, 1798, p. 176. 
2a2 
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graphical distribution determines, togeüier with the individn&l 
form of the vegetable world, the size and type of leaves and 
flowers, in fiict, the principal physiognomy of the diBtrict;* 
its character being but little, if at all, influenced by the ever- 
moving forms of animal life, which, by their beauty tmd div^- 
sity, so powerfidly afi'ect the feelings of man, whether bf 
exciting the sensations of admiration or horror. Agricultural 
nations increase artificially the predominance of social plants, 
and thus augment, in many parts of the temperate and north- 
ern zones, the natural aspect of luiiformity; and whilst their 
labours tend to the extirpation of some wild plants, they 
likewise lead to the cultivation of others which fbllow the 
colonist in his most distant migration. The luxuriant zone of 
the tropics offers the strongest resistance to these chai^;cs in 
the natural distribution of TCgetable forms. 

Observers who in short periods of time have passed over 
vast tracts of land, and ascended lofty mountains, in which 
'«limates were Tanged, as it were, in strata one above another, 
■must have been early impressed by the regularity with which 
■vegetable forms are distributed. The results yielded by their 
■observations ftimLshed the rough materials for a science, to 
which no name had as yet been given. The same zones or 
regions of vegetation which, in the sixteenth century. Cardinal 
Bembo, when a j^uth,f described on the declivity of Etna, 
were observed on Mount Ararat by Toumefort. He inge- 
niously compared the Alpine flora with the flora of pltmis 
situated in drS^rent latitudes, and was the first to observe the 
influence exercised in raouutainous regions, on the distribu- 
tion of plants by Üie elevation of the ground above the level of 
the sea, and by the distance from the poles in flat countries. 
Menzel, in an inedlted work on the flora of Japan, accidentally 
made use of the tenu geography of plants ; and the same ex- 

nion occurs in the fanciful but groceM work of Bemardin 
.. Pierre, Etudes de la Nature. A scientific treatment of 
the subject began, however, only when the geography of 
plants was intimately associated with the study of the distn- 

* On the phj^ognomy of planla, see HomWdt, Ait*i<Att» der 
IfaiuT, bd. ii. s. 1-126. 

f jEtna Diaiogu). Opuscvia, Baul. 1650, pp. 63, 64. A veiybera- 
ttfiil geography of the pltnls of Monot Etna baa recently been published 
by FhHippi 9ee Limuia, 1S82, ■. 733. 
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bution of heat over the surface ol the earth, and vhen the 
arrangeioent of Tegctable forms in natural iitmiliea admitted 
<^ a nvunerical estimate being mode of the different foriuK 
which increase or decrease as we recede from the eqimtor 
tOTrards the {xdes, and of the relations in which, in diiferent 
parts of the earth, each fitmily stood with reference to the 
whole mass of phanerogamic indigenous plants of the same 
region. 1 consider it a happy circumstance, that at the time 
during which I devoted my attention almost exclusively to 
botanical pursuits, I was led by the aspect of the grand and 
strongly characterised features of tropical scenery, to direct 
my investigationB towards these subjects. 

The study of the geograiJiical distribution of animals, 
regarding which Buffon first advanced general, and in most 
instances very correct views, has been considerably aided in 
its advance by the progress made in modem times in the geo- 
graphy of plants. The curves of the isofhennal lines, and 
more especially those of the isochimenal lines, correspo d with 
the limits which are seldom passed by certain species of plants, 
and of animals which do not wander iar from their fixed 
habitation, either with respect to elevation or latitude.* The 

• [The following valuable remarks bj Proftssor Forbes, on the cor- 
reiipoadence existing between the dlBtribution of eiiating bunas sod 
floras of. the British lalands, uid the geological changes that have 
affected their area, will be read with much interest ; they have been 
copied, by the author's permission, from the Survey Repuri, p. Iß : — 

" If the view I have put forward roap«cting the origin of the flora of 
the British mountains be true — and every geological and botanical pro- 
bability, BO &r as the area is concerned, ftivoura it — then must we endea- 
vour to find some more plao^ble cause than any yet shown, for the 
presence of numerous species of plants, and of some animals, on the 
higher parle of Alpine ranges in Europe and Asia, specifically identical 
yriüi animals and plante indigcnOUB in re^ons very far north, and not 
ibund in the intermediate lowlands. Toumtfort first remarked, and 
Humboldt, the great organizer of the science of natural histoiy geogra- 
phy, demonstrated, that lones of elevation on mountains correspond to 
pataJlek of latitude, the higher with the more northern or soutnem, as 
the case might be. It is well known that this corroepondence ia reeog. 
nized in the general/acfes of the flora and fauna, depeudent on generic 
correspocdences, specific representatives, and in some cases, specific 
identities. But when announcing and illustrating the law, thatclimat 1 
zones of aalmal and v^^lable life are mutually repeated or represented 
b; elevation and latitude, naturalists have not hitherto sufficiently (if at 
aU) distin^ui^ed between the evidence of that law, as exhibited by 
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elk, &r instance, live« in the Seandhucma peniBSula, admeHl' 
ten degrees fiirüier noiü tlian in (ha interior of aibäna,ff4wn< 
the line of equal winter temperature is so renmrkably cemcove. 
Plants migrate in the getm ; Sad, in äte coee of mmty specms', 
the seeds are fimushed witb oigana adapting' them to be «m— 

r^reimtatiM aptcU» and. 1^ idfntkai. In laaltty, tha fanaia smaa. 
tiall)' depend on the Ist, tho latter being aa oKidaii not neoeiRarilj 
dependent upon it, imd which haa hitherto not been accoanted for, la 
the caee of the Alpine fiora of Britain, the evidence of tiie actiTitj- of 
the law, and the influence of the accident, are iiiB^)araWo, tJie lawheinjr 
matBtoined b? a tnUBported flor^ for the:tnnaimanail of wMch I huTft: 
shomi we cannot account bf xa. a.'^etX to onqaeüUoit^e gesi^ieal 
event«. lu Üie cose of Uie Alps ajid CarpaUuana; and Bome other 
mountdn ranges, ire &nd tlie law maintained ^axWj \ij a repreBemtative 
flora, special in itg region, ». e., by speciflc centrci of their own, and' 
pBTtlj t? an anemblsge more or less limited in the BcTeial langei of 
identic^ ^eciea, thsBa latter in Bereral eawi bo irococMiui that ordinal^ 
raodea of tmnqwrtation now in action con a« more aocount for Ukeir 
pieaence, üi«u Ibe; «en for tha presence of » Norwegian, flora on Üia. 
Britjab nurantaina. Haw I am prepared te maintain, tliat the mme 
means whicli introduced a eub-orctic (now mountain) flora into Britun, 
octdng at the same epoch, originated the identity, as far ss it goe^ of 
tha Alpino floras' of Middle- Europe and CfentnJ Aala. For now that ^ta- 
know the vast area swept by the glacial se^ includinf* almost the irtiale 
of Central and !tforthem Surope, and belted by lan^ Bince greatly up- 
lifted, which then presented to the water's edge thosaolimatal coudiüona 
for which a anb-orctic flora — destined to becomo Alpine — was apecially 
oigani^ed, the difficulty of deriving sui^ a flora fTom its paiei^ north, 
and of diOhsing it o^gt tho snowy hills bounding tiiis glacial ocean, 
vanishes and the presence of identical' cipecieE at such distant point* 
remains no louKsr a mystery. Moreover, when we consider that the. 
greater part of Üie northern hemisphere wa» binder such climatai condi- 
tions during the epoch referred to, the undoubted evidences of which 
have been made known in Europe by numerous British and Continental 
observers, on the boonds of Asia by Sir Boderioi Murehison, in America 
by Mr. Lyell, Ur. Logan, Captain Bayfield, and others; üid that the. 
botanical (and zoological as well) region, eeaentiallynorthentaad' Alpine, 
dedgnated by Professor Schouw that ' of sazifragea uid moases,', and' 
first in his classification, exists now only on the Qankg.of the great.u^a 
which suffered, such conditions; and that, though similar conditions' 
reappear, the relationship of Alpine and Arctic vegetation in the 
souÜiem hemisphere, with that ia Üie northern, is entirely maintained 
by Ti^eaentatwe, and not by identical qfecies (the representative, too, 
being in great part generic, and not specific) ; the general truth of my 
explanation of Alpine Boras, including iden^cal [^oiea, becomes so 
strong:, that the view proposed acquires ihir claims to be ranked as a 
theaiy and not considered merely a conveitient or bold hypothesis.** 
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Toyed' to a diBtanee Ihroo^ the sik Wlieti' oBoe they ImVB- 
taken root, they become dependent on the soil- and ofl- iktr 
strata of air suiroiinding them. Aninwlfi, on the contrary, can 
atpleaaure migrate fromthe'eqtiatortoivards the poleB; and this' 
they can more eepecially do where the isolhennal liner ai% 
nmch inflected, and whetc hot emmnera succeed a great degree* 
of winter cold. The royal tiger, which in no respect d^rs 
from the Bengal species, penetiates every summer into the nortb 
of ^ia as far as the latitudes of Berlin and Hamburgh— -a fiict 
of trhich Ehrenberg and myself have spoken in other yrorks.* 
Tbe grouping or association of dlfi^^mt v^etabie species; 
to which we are accustomed to apply the term Flora», do no* 
appear to me, frvm what I have observed in different portions' 
of the earth's sur&oe, to moniiest such a predominaace o£ 
individual families as to justify as in marÜing the geographical' 
distinctionB between the regions of the Umbellatie, of the Soli- 
dagimo, of the Labiatie, or äe Scitaminete. WiÖi reference to 
this subject, my views cHfllbr from those of seventl of my 



friends, who rank among the most distinguished 
botanists of Oennany. The character of the floras ol 
vated plateaux of Mexico, Kew Granada, and Quito, of Euro- 



pean Bussia, and of Northern Asia, consists, in' my opinion, 
not so much in the relatively langer number of die species 
presented' by one or two natural i^milies, as in the more com- 
plicated' relations of the co-existence of many femilies, and in 
the relative numerical value of tiieir species, ^e Graminete 
and the' Cyperacem undoubtedly predominate in meadow lands 
and steppes, as do Conifcne, CupuliferEO, and Betuüneie, in our 
northern woods ; hut this predominance of certain forms is 
only apparent, and owing to the aspect imparted by the social 
plants. Ths north of Europe, and that portion of Siberia 
which is situated to the north of the Altai mountains) have no 
greater right to the appellation of a region of Oramineia and 
Conifene, than have the boundless llano» between the Orinoco 
and the mountain chain of Caracas, or the pine &rests of 
Mexico. It is the co-existence of forms which may partially 
replace each other, and their relative nmnbeis and association,. 
whiah give rise either to the general impression of luxuriance 

* Urnnber^ in the jintuOe» da 3etenee» tuOaräU», t. m. pp. 38f- 
412 i Enmboldt, Aaie etntraie, t i. pp. 33^-3*8, and t. iU. pp. »B-IOL 
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and diverütf , or of porer^ and unifbimity m Üie cont^i^la- 
tion of the vegetable world. 

In tUg fra^entary sketcli of the phenomena of oi^niso- 
tion, I have ascended irom the simplest ceD* — the firat mani- 
festation of life — progressively to higher Btmctures. " The 
association of mucous granules constitutes a definitely-formed 
cytoblast, around which a vesicular membrane forms a closed 
cell," this cell being either produced from another pre-existing 
ceUjf or being due to a eeUular formation, whidi, aa in the 
case of the fermentation-fungus, is concealed bi the obscuri^ 
of some unknown chemical process.^ But in a nork like the 
[»«sent we can venture on no more than an allusion to the 
mysteries tliat involve tlie question of modes of origin — the 
geography of animal and vegetable organisms must limit 
itself to the consideration of germs, already developed, at 
tieir habitation and transplantation, either by voluntary or 
involuntary mirations, tLeir numerical relation, and their 
distribution over the surface of the eartli. 

The general picture of nature which I have endeavoured to 
delineate, would be incomplete, if I did not venture to trace a 
few of the most marked features of the human race, consi- 
dered with reference to physical gradations — to the geogra- 
phical distribution of contemporaneous types — to the influence 
exercised upon man by Uie forces of nature, and the reciprocal, 
although weaker, action which he in his turn exercises on 
these natural forces. Dependent, although in a lesser degree 
than plants and animals, on the soil, and on the meteorological 
processes of the atmosphere with which he is surrounded — 
escapit^ more readily from the control of natural forces, by 
activity of mind and the advance of intellectual cultivation, 
no less than by his wonderful capacity of adapting himself to 

* Sohleiden, Utber die SrUioicktungmeeiie der PßaatenxdUn, in 
HUller'a Arehivßlr Anatomie und Phyeidlogit, 1838, a. 187-176 ; also 
hU OrvndzHi/e der unmeiiitehqfBichen Botanii:, th. L b. 191, and th. iL 
s. 11. Schmiui, MUeroteopieche Uniersuehungen Hiier die I7«i«retn-' 
ttimmiaig in der SenJOar und dem W/Khithum der Thiers und Pßan- 
£«n, I63S, B. IG, 220. Compare also, on Himilu' propagation, Joh. Hüllcr,. 
Physiologie dt» Men»chen, 1840, th. ii. a. SI 4. 

i- ScUeiden, Orundtägt da- wistenlsch^ftlicheit Bctmük, 1842, Ui. i- 
s. 192-197, 

X [On cellalar formation, see Heu&ey's (hdUma qf Structural and 
PJiynt^agieal Botany, op. cit. pp. 10-22.] — 2V. 
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all climates— man ererrwliere becomes most essentially asso- 
elated with terrestrial life. It is hy these relations tnat th& 
obscure and much contested problem of the possibility of one 
common descent, enters into Üie sphere embraced by a general 
physical cosmography. The inyestigation of this problem will 
impart a nobler and, if I may so express myself, more purely 
human interest to the closing pages of this section of my work. 

The Tast domain of language, in trhose varied structure we 
see mysteriousiy reflected the destinies of nations, is most 
intimately associated with the affinity of races ; and what 
«Ten slight difEerences of races may eflect, is strikingly mani- 
fested in the history of the Hellenic nations in the zenith of 
their intellectual cmtiTation. The most important questions 
of the civilisation of mankind, are connected with the ideas of 
races, community of language, and adherence to one original 
direction of the intellectual and moral fiiculties. 

As long as attention was directed solely to the extremes in. 
varieties of colour and of form, and to the vividness of the 
first impression of the senses, the observer was naturally dis- 
posed te regard races rather as originally dilTercnt species 
than as mere varieties. The permanence of certain types* in 
üie midst of the most hostile influences, especially of climate, 
appeared to fovour such a view, notwiüistanding the shortness 
of the interval of time &Dm which tLe historical evidence was 
derived. In my opinion, however, more powerful reasons can 
be advanced in support of the theory of the «nity of the 
human race, as, for mstance, in the many intermediate grada- 

* TacituB, in Us specnlatioua dd the inhabieantB of Britun, {AgrkotOr 
cap. ii.,) disthiguuheB irith much judgment between Uiat vbich nuiy ttb 
owing to the local ctlmstie relaUooB, sod Uiat wUch, in Uic inmilgntiiij: 
ncea, may be owiog to the unchangeable influence of a hereditary and 
transmitted tjpe. " Britanniam qui mortalea initio coUierunt, indigema 
■n advecli, ut inter barbaros, panim comportum. Habitns corporis 
VBiii, atque ex eo argumenta ; namqne rutilte Caledoniam habitantium 
comm, magni artua Oermanicam ori^nem adaeverant. Siloram coloratl 
vnltna et torti plemmqne crines, et poaif» contra Htapaoia, Iberon 
veterea tn^edasc, ettaque cedes occupasse f dem faciuat : prozimi Gallia, 
«t idiailea nut : aeu durante orij^nis vi ; aeu procurrentJbuB in diversa 
tenia, poeitio coeli corporibns habltiun dedit" Regarding the perüatencj 
of types of eonfarmadoa, in the hot and cold region! of Üie earth, »od 
iii äis maiiDtainouB diatricta of the New Continent, see m; Sdaiiom 
hiwripu, t, i. pp. 49S, fiOS, and t. iL pp. ST2, 574. 
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tioiiB* in die eolour of Sie ekm and in die torm of die Anil, 
iriiich have- been made known to us in recent dmes' by the 
rapid progtes»of geographical knowledge— the analeres pre- 
Bented b^ the Turieties in die apecies of many wild aad' 
domesticated anim^— and' the more coirect obserrations kiI. 
lected regarding the limits of fecimdity in hjrbrids.f The 
greater number of the oontrasls which were formerly supposed 
to esiat, have disappeared' before tlie laHorious researches of 
^edemanit, on die brain of negroes and of Europeans, and the 
anatomical inT«tr%atdonB of VroUk and Weber, on the form 
of the pelvis. On comparing die dark -coloured African 
nations, on whose physiräl history the admirable work of 
Prichwii has tinmm so much light, with the races inhabiting 
the islands of the South- Indian and West-AuMndion. aichi- 
pislago, and with die Papuas and Alfourous (Hamfbras, Enda- 
menes). we see tiiat a black skin, woolly Hair, and a negro-like 
oBst of countenance BXe not necessarily connected together.:^ 
80 long as only a small portion of the earth was known' ta 
the Western nations, partial views necessarily predominated, 
and iTopical heat and a black skin consequenüy appeared in- 
separable. " Ite Ethiopians," said the ancient tragic poet, 
Theodectes of Ph8Selis,§ " are coloured by the near Sun-god' 
in his course, with a sooty lustre, and their hair is dried and 
crisped with the heat ct his rayi." Hie campaigns of Alcx- 
sn^r, whidi gsve rise to so many new ideas regarding 
physical gec^^mphy, likewise first eidted a discussion on the 

* On the AmericBii iscea geneiaiU;, see tbe magniflcont work of 
Bsmuel George Morton, antiüed Crania americana, 1889, pp. 62,. 30 ; 
and on the skolU biongfat bj Pentland b^m the highlands of Titicsca, 
s« tlte Dublin Jmimai ofMedicai and Chameai ^Ti^iux, vnl, v:, 1834, 
p. *7E; alio-AloidB d'Orbigny, L'lu>7iune AmSriadnamtidSri mu* aa 
nppcrl» pfmnoi. ttnor., 1889^ p. 221; and the iroik by Prince Mazl- 
latun of Wied, i^hioh is mil worüij of neues fbr Üie admirable etiino^ 
gimdiioal mmnriu in irtuch. it abonndg, oitttled Ram in da» Irmtre 
fV» Jfitrditntariia (I88B). 

+ Bodolph Wagner, Veher Blendlinge und Statarderzeufimff, in 
his Ttoteg to iüe Qennan txansUtJoaof Piichand's Fhyticai Hittory of 
Mankind, ToL i. pp. 1S8-160. 

t Prichaidj op. at, toL ii. p. 324: 

3 Onemcrittu,. iii Stiabo, xv. pp. 690, 6bS, CiMuh. Welckcr, Grit- 
«UmA« Tragödien, id)th. lli. a. lOTB^ ocnusotare«' that the vene» of- 
nieodecrtes, cited' 1^ 3tnba, are-taken from s lost tiagei^, wtuchpro» 
I»bly bore the title of "■*' "' 
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pioblematlctil inflaeiice of climate on itteeai " PnoilieB of' 

animals and' plante," writes one of the greatest anatomists of 
tlie day, Johannes MüUer; in hie noble and compreheDsive 
work, Pkyaiolbgie des Meruchen, " undergo, witlun certaia 
limitations pecoliar to the difibrent' races and species, TarioUB 
modiflcatioiu in their distribution over tlie sor&ce of tfafi 
earth, propagating thesQ- variatioDS as organic types of spe- 
cies.'* The present raees of fln-imnlii have heen pr dooed b^ 
* [In iUmftntiou orUiigg.tliecoiuiliMiomiof ProfeEBorEdininl Porbfl^ 
respecting &» origin and «Ufi^on of the Britldi flora, may 'be ciMl 
8^ tlie Survey Memoir alrandy quoted. On the Cotmecft'on betactn-^ 
I}Ulribution of tJie txisting JFaujia and Flora <if the Britiah lalandai, 
JHi., p. SS. "T. The flbnaid EMmii terreatii^ and' marine, of tiitt 
Biitiih itUiLdsand eeMj hure oiii^nated, bo far. ita ttiat an» i« concerned,, 
since the metooene aßocb. 2. Tha aaBemblagea of uainala and plants 
compoaiDg. that taona and flora, did, not appear in t£e area they now 
inhabit simnltuicoiu];, but at several distinct points in time. S, Both 
the fauna and flora of the British ialandB and sea« are oompoeed psrUy 
of species which, cither permaDGutly or Ibr a> time, appe&red is that 
area belbi« tlte ^acUd epoch ; partly of such si JDhabited- it daring, that 
epoch; and in greai p^ of Uioae wliich, did not a^qiear there until 
BflenrBfds,. aud wboae ^ipeonuLce on the Earth was coeval with Uie 
eleyation of the bed at the j^ial aea, and the consequent cUmatal 
chaugea. i. The greater part of the l^rrmtri^ snim^ and Bowerini: 
plants now inhabiting" the British islands, ara diemben of specifio 
centres beyond' their area, and liwre migiated t« it over continuous laad 
bafore, during,, or after tJio glacial epoch. S. The climaUl cooditiona nf 
thftareaiuHler diseuKsioBt and norÜi, east, and west of it, were severer 
during tlie glacial epoch, when a great part of the space noir occupied 
by the Britlili isles was ncder water, thaÄ they are nov or were before; 
bat there is'good reason to believe, that ee far from those couilittona. 
having conthrued severe, or having- gradually diminished in sevitniiy 
soutbwarda of Britain, the cold region of the glaciid epoeh eante 
directly lato contact with a region of more southern and' Uheibat 
character than that in which tlie most sonthem beds oft glacUt ikift am 
now to bs met with. 6. This sMe at things did not material^ difito' 
from that now «listJDK under corRSponding [atltudesj in the NorÄ. 
American, Atlantic, and' Arctic seas, and on tbeir bounding shores. 
7. The Alpine floras of Borope and Agio, so ^ as tbc^ are identical 
nÜk the Qota of the Arctic and mib-ArctJc zcnes of the Old TfoM, h« 
fiagments of a flora wMcb was diSbsed' from the nor^i, eithav bj meta» 
of transport not now in action aa the temperate coasts, of !Siu<(qM, an 
over omitlnaonB lanil which no longer e:idsta. The deep saaftHina ia in 
lüM manner a fragment of the general' glacial fhuna. % Thefliwis d. 
Üxe islands of ' the Atlantic re^on, between the Onlf-weed Bank atuLtU» 
Old World, are f^^^enis of the great MediteitMie«i' flo(^ aaduHr' 
diffiiwd orer a Und' constitQted out of the upheaved audi nevec i^idn 
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the comlnnei} action of mitiiy dlfierent internal, as well aa 
external conditions, the nature of ^111011 cannot in all cases 
be defined, the most striking Tarietieg being found in those 
fbniilies which are capable of the greatest distribution over 
the sur&ce of the eartL The dilTerent races of nuinldnd are 
forms of one sole apeoies, by the union of two of whose mem- 
ben descendants are propagated. They are not difierent 
species of a genus, since in that ease their hybrid descendants 
would remain unfruitful. But whether the human races have 
descended from seversl primitive races of men, or from one 
alone, is a question that cannot be determined from expe- 
rience."* 

Get^raphical investigationB regariUng the annent teal, the 
80-caIled cradle of tAt human race, are not devoid of a mythical 
character. " We do not know," says Wilhelm Ton Humboldt, 
in an unpublished work. On Ike Varielies of Languages and 
NatioRi, " either from history or from authentic tradition, 
any period of time in which the human race has not been 
divided into social groupB. Whether the gregarious condition 
was original, or of subsequent occurrence, we have no historic 
evidence to show. The separate mythical relations found to 
esist independently of one another in different parts of the 
earth, appear to refute the first hypothesis, and concur in 
ascribing the generation of the whole human race to the union 
of one pair. The general prevalence of this myth has caused 
it to be regarded as a traditionaty record transmitted from 
nbrnerged bed of (be (ihkllaw) Ueiocene Sea. This great f on, in the 
«poch anterior to, and probably in part during the glacial period, had 
a greater eilenöon northirard than it now presenlg. B. The termina- 
Hon of the gbiclal epoch in Europe wra marked by a recession of an ~ 
Arctic fauna and flora northwards, and of a fanna and flora of the 
2[editemneaa type BOuthwardB; and in the interspace thoa produced 
there appeared on land the Ocrmanic [auna and flora, and in the sea 
that &una termed Celtic 10. The causes which thus preceded the 
appearance of a new assemblage of organised beingi, vete the deslmc- 
fioD of many species of anim^ and probably ako of plants, either 
forms of extremely local diatribnljon, or each are were not capable of 
enduring many changes of conditions, — species, in short, with ret^ 
limited capacity for horizontal or verücal diffiisioii. 11. All the changea 
before, during, and after the glacial epoch, appear to have been giaduÄl, 
and not sadden ; m that no marked line of demarcation can be drawn 
between the creatures inhabiting the same element and the KUne localilj' 

' ■ ■ ■ -' ioda'T-^TV. 
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the primitive man to hie descenjdanfs. But this very circum- 
stance seems rather to prove that it haa no hiBtoricol founda- 
tion, but haa simply arisen from an identity in the mode of 
intellectual conception, which haa everywhere led man to 
adopt the same conclusion regarding identical phenomena ; in 
the same manner as many myths have doubtlessly arisen, not 
from any historical connection existing between them, biit 
rathei' from an identifri' in human thought and imagination. 
Another evidence in Kivour of the purely mythical nature of 
this belief is aSbrded by the iact that the first origin of man- 
kind — a phenomenon which is wholly beyond the sphere of 
experience — is explained in perfect conformity with exiaiing 
views, being considered on the principle of the colonisation of 
some desert island, or remote mountainous valley, at a period 
when mankind had already existed for thousands of years. It 
is in vain that wd direct our thoughts to the solution of the 
great proUem of Üie first origin, since man is too intimately 
associated with his own race, and with tlie relations of time, 
to conceive of the existence of an individual independently of 
a preceding generation and age. A solution of those difficult 
questions, winch cannot be determined by inductive reasoning 
or by experience — whether the belief in this presumed tradi- 
tional condition be actually based on historical evidence, or 
whether mankind inbabited tlie earth in gregarious associa- 
tiona from the origin of the race— eannot the«fore be deter- 
mined from philological data, and yet its elucidation ought 
not to be sought from other sources." 

The distribution of mankind is therefore only a distribution 
into varieties, which are eommonly designated by the some- 
what indefinite term races. Aa in thie vegetable kmgdom, and 
in the natural history of birds and fishes, a classification into 
many small fiunilies is based on a surer foundation than where 
lai^e sections are separated into a few but large divisions ; so it 
also appears to me, that in the determination of races a pre- 
ference should be given to the establishment of small families 
(^ nations. Wbether we adopt the old classification of my 
master, Bliunenbach, and admit ßve races, {the Caucasian, 
Mongolian, American, Eüiiopiftn, and Malayan,) or that Oi 
FricLird, into seven races,* (the Iranian, Turanian, American, 
Hottentots and Bushmen, Negroes, Fapuas, and Alfouious,) 
we fail to recognise any typiciü sharpness of definition, or any 
■ PckliMd, <^. «(., ToL L p. M7. 
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genenJ ac well eatablished priuc^jle. In ttie divisiwL of these 
groups. 1^ «xtiemas gf fona.aad colour axe certaiulj aep^ 
nted, but vithout Yc^acd to the racea, which caimot be 
inoluded in ai^ of these nVijnwm, &nd which bftve he^i 
alfematel^ termad Scyituan and .AUophjUic. Iranian jb 
«ertaiuly a leas objectionable term for the Eort^iean nstiiSB 
than Caucasian.; but it may be maintained generally, lliat 
ge(%raphicftl denaminatioM «se very ^va^ne when uaed to 
ezprees the points of deBarture Qf raoea, more especially 
whore the «ountry wbicb has given its juuoe to the tace, ae, 
for instance, Turan (MawexaDnahr) has been inb^ted at dif- 
ferent periods* by Indo-Gmnauic and f ioniah, and not by 
Mongoliao - Ixibes. 

TangiMgeB. as intellectaal (twaHooe of man, and as daaely 
interwoven with tbe davelopmsot of mind, are, iudepeniO- 
«ntly of the national form whieb Üiey exhibit, of tiie greatest 

* The Uta anlTBl of the TnildUi Bud MongtttiH) tribes on tbe Oxk 
and OD tbe Eiighia Steppes, is opposed to -Üie Iq'potlisais of NiebiÄr, 
acoording to i^eh the SotÜiüiis of Herodotas sod Hifqioeiites vne 
HoitgoliaiM. It saema Eu- moreprabsble tliat tfaefierttuM« (SodoU) 
■honldbeTafund tothelndo-GaBuaic)fHS*gatie(Akiu). TheJlop- 
tnliao, true Tarttua, (the latter torn vw aftcmards iaimly given to 
porelf Turkish Mbes in Biuiia and Siberia,) jrere settled, at Ibat 
period, far in the eaatero part of Aaia. See my Atie eatirait, i. i. 
pp. 239, 400; fiDHiun eriHgne de fkittom de la-Oi<vr., th. ii, p. SM. 
A disUnpiMMd philologiat, IV rfewor BaadunaBn, <mUb attentkk to 
Uw ciiemadanee tba( Uie p««t Jlbi]«wi, in his half myüüeal jntttorj 
temiAi in the S^aitutmA, nuntiass "» lbitre«i of the Alaui," on tbe 
aea-sluHn, in whidi Selm to^ refng», tiiia prince b^ng the eldest son 
of the King Feridtm, who in all probahilitj lived two bandred jeare 
before C;nis. The Kirghis of tbe Sej-thian steppe were originallr 
a FiBoish tribe ; their three hordes probably ooostitnt« in the pnaant 
ixj tlie ■mat nomerona nomadic natiea, and tbeir tribe dwelt, in the 
tixtwDtbeemhu?, in the mae steppa in irtiiefa I haxe myaeU eeentlran. 
Tbe Bjnntine JbDander, ^ 3SO-S82, ed. Nieb.) expnsal; alatea 
that the Chacan of the TdAs ^u-Khit^, in £69, made a present tt a 
KiigluB dare I« Zemardms, tbe ambanador d Juatinian JI. ; be tenna 
•hect.x'PX'C; and wefind in Abulgam (SMeria Monflonmi et Tala- 
rorum;, that the Kiighia are oiled Kiikiz. Sinularit^ of ""> ~t°. 
iA»n the nature of tite coanti? detemuBce the fmocipal cjnaartflr- 
i«lie% is a very nnoertMn evidence of identity of nee. T^e life of tte 
ateppes prodoces amoof^ tlie ToAs (Ti Tukin), the Baaehtdra (Fina), 
Uie Eii^his, the Toigodi and Dgoiigari (Mongolians), the same bahUa 
of nomadic life, and the aame nae of felt tenta, carried on waggons and 
^tched amongst lierds of ciMle. 
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importanoe in the iMOgiiHi<Hi of aimilaritiea or difFeieiuiea in 
rftc^. Thia importance is eopeeially owing to the clue which 
a «omniuiiity of dwcent afibrds in treadi^ that mysteiious 
labyrinth in which the connection of fAyaical paweis, and intd- 
l^tual forces, manifests itself in a Üiouamid ditfeient foima. 
The brilliant progreea made within the laat half centoiy, in 
Qennany , in philosophical 'philolo^, has greatly facilitated 
our invsBtigations :into the ttatioiteu character* of languages, 
and the infiuenee -exercised by descent. But heire, as in all 
doniains of ideni -«peculation, the dangers of deception are 
closely linked to the nc^ and certain profit to be derived. 

Positive ethnc^pnphical studies, based on a thorough know- 
ledge of history, teach us that much caution ^ould be 
ap^ed in eutering into Quae ooinparisons of nations, and 
of the languages employed by them at certain epochs. Subjec- 
tion, long association, theiöflueace of a foreign religion, the 
blending of mcea, even when only including a small number 
of the more influential and cnlnvated of the immigrating 
tribes, have produced, in both continents, similarly recur- 
ring phenomena; as, ft»' instanoe, in introducing totally dif- 
ierräit families >^ languages «amongst one and the same race, 
and idioms, haying one common root, amongst nations of the 
most different oiigin. Great Asiatic conquerors have exer- 
cised the moat powerful influence-on phenomena of thia kind. 

But lai^uago is a part and parcel of the history of the 
development of mind; and, however happily the human 
intellect, under the most disaiinilar physic^ condidons, may 
unfettered pursue a aelf-chosen track, and stjive to free itself 
from the dominion of terrestrial infiuences, 'this emancipation 
is never perfect. There ever remains, in the natural capaci- 
ties of the mind, a trace of something that has been derived 
from the influences of race or of climate, whether they be 
aSBOoialed with a land gladdened by cloudless azure skies, 
or with the vapoury atmosphere of on insular region. As, 
therefore,. richness üid grace of language are tmiblded from 
the most Ittsuriant depths of thought, we have been unwilling 
wholly -to disr^ard the bond which so closely links together 
tiie physical world with (he sphere of intellect and of the 

• WUhalm TOQ Humbddt, Uebtr die VertAkdtvMi der manmA- 
.tM«n SprtuAbaue», in his great work U^tr die Kaxn-SproiAe aai/ 
der Imtl Java, bd. i. ». zzi xItIü. and Mail. 
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feelings, by depriving tlus general [uetiire of natnre of those 
brighter lights and tmta, which may be borrowed from con- 
nderatioiiB, however slightly indicated, of the relationB exist- 
ing between races and languages. 

Whilst we ninmtaiTi the unity of the human species, we at 
the name time repel the depressing assumption of superior 
and inferior races of men.* There are nations more suscep- 
tible of cultivation, more highly civilized, more ennobled ^ 
mental cultivation t^'"" others — but none in themselves nobler 
than others. All are in like degree designed for freedom; a 
freedom which in the ruder conditions of society belongs 
only to the individual, but which in social states enjoying 
political institutions appertains as a right to (he whole body 
of the community. " If we would indicate an ides '^ich 
throughout the whole course of history has ever more and 
more widely extended its empire — or which more than any 
other, testifies to the much contested and still more decid- 
edly misunderatood perfectibility of the whole human race — 
it is that of establishing our common humanity — of striving 
to remove the barriers which prejudice and limited views of 
every kind have erected amongst men, and to treat all mankind 
without reference to religion, nation, or colour, as one frater 
nity, one great community, fitted for the attainment of on« 
object, the unreHtrained development of the phychical powers. 
This is the ultimate and highest aim of sbciety, identical with 
the direction implanted by nature in the mind of man towards 
the indefinite extension of his existence. He regards the 
earth in all its limits, and the heavens as far as his eye can scna 
their bright and starry depths, as inwardly his own, given 
to him as the objects of his contemplation, and as a field 
for the development of his energies. Even the child longs 
to pass the hiUs or the seas which enclose his narrow home; 
yet when his eager steps have bome liim beyond those limits, 
he pines, like the plant, for his native soil: and it is, by this 
touching and beautifiil attribute of mnn — this longing for that 
which is unknown, and this fond remembrance of that which. 
is lost — that be is spared from an exclusive attachment 

' The veiy cheerless, and in rei;en( tines too oRen discnesed, doctrine 
of the uneqiml rigbU of men to freedom. Mid of sLiTer? u an instiiQ- 
tion in conformitj irith nature, is unhappily found most Eyitenuticalljr 
developed in Aristotle's FMtiea, i. S, 6, 6. 
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to the present Thus deeply rooted in the innermost nature 
of man, and even enjoined upon him by his highest tenden- 
cies — the recognition of the bond of huroanity beeomes one of 
the noblest leading principles in the history of mankind."* 

With these ■words which draw their charm from the depths 
of feeling, let a brother be permitted to close this general 
description of the natural phenomena of the universe. From 
the remotest nebnl» and from the revolving double stars, we 
have descended to the minutest oi^;aiiisms of animal creation, 
nhether manifested in the depths of ocean, or on the sur&CB 
of our globe, and to the delicate vegetable germs which clothe 
the naked declivity of the ice-crowned mountain summit ; and 
here we have been able to arrange these phenomena according 
to partially known laws ; but other laws of a more mysterious 
nature rule the higher spheres of the organic world, in which 
is comprised the human species in all its varied conformation, 
its creative intellectual power, and the languages to which 
it has given existence. A physical delineation of nature 
terminates at the point where the sphere of intellect begins, 
and a new world of mind is opened to our view. It marks the 
limit but does not pas« it. 

* Wilhehn von Humboldt, JJtbtr dU Kaai-Spnuihe, bd. ili. a. 42S. 
1 anbjom the following extract from this work : " Tha impetnons con- 
qaeels of Alexander' tha more polilJc and premeditated extension of 
t«rritj]iy made b; tha Bomsns, the irild and cruel incimiona of the 
UexiciuiB, and tlie despotic acquisitiona of tha Incss, hara in both bemi- 
spberes contributed to put an end to the separate eiisteoce of many 
tribes as independent nations, and tended at tKe same time to eatabli^ 
mora extended intemalionsl amalgamation. Men of great and stioBg 
minds, aa well as whole nations, acted under ihe influence of one idea, the 
purity of which was, however, utterly unknown to them, 11 waschrisliaji- 
ity which first promulgated the tnith of its eiattcd charity, although 
the Beed sown yielded but a slow and scanty harrest. Before tha reli- 
gion of Christ manifested its form, its existence was only revealed Lij a 
faint fore^iadowing presentjment. In recent times, the idea of dvilki- 
tion haa acquired additional intensity, and bsa given rise to a deüra of 
extending more widely the relstiona of national intercourse and of 
intellectiuil cultjyatjon ; ereo selfiahneaa begins to learn that by such a 
course its intareats will be better served, than by violent and forced 
Isolation. lAnguage, more than any other attribute of mankind, binds 
togeUtec the whole human race. By its idiomatic properties, it cer- 
tamly seems to aeparate nations, but the reciprocal undcratanding of 
foreign languages connects men together on the other bsad without 
injuring individiial national chaiacteristica,' 
2b 
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GiBumc Biuu OF Xkw Zeai^kb. — ToL I. pigt 231. 
An cstBwn nd 1i^U]r intcrasÜBg coBecCiDB tt boMS, raferdil* t* 
■onnl tp«ätt of tiu Aßa (Damis of Own), lad te thm sr fbor 
oHwr gencrs of bM», ftnaed bj Hr. WilUr MaatoH, of Vcffingtoa, 
Nnr Znlasd, hu rceeBdr airivej in EasUnil, nd h bov depoeiied in 
tiM Bcitiih MucDO. TIdt aerica oaosutt of between 790 and 9H tpeä- 
moH bdOBging to ÜXBraat parta sf Iki il^ctiHU of aian; individui]« 
-of Tsrioiu aiiea aad ^gea. Same of the l>^taC vertebne. tibic, and 
teman, cf«al b nagutula Ao Boit gigaTitic pranaoalr Inaani; vhfle 
Othna an BSt larger than tte ea r mf ondii^ hcaies af tbe finof Apteryi. 
Abwi^ thfi reKci an the «Mb and maOHfühi ef twn genen, tiie 
JNmrnif and Palaptenft; aad of an extinct EBOtu. JVolanilt, afiied to 
tbe SaBidsi and the muidiblea of a ipeciei of Hettor, a gemia of 
nochmal o«]-£kiB panot*, of wUch smi-j two Ining afcäti are known.* 

IWae OMnnti ivoaia* ve !■ a ttrj iGfluuit atate of pmemliai fra» 
aif preTwaatTiiewfandiMBNawZaalaBd'; they are Kgiil aal porena, and 
<rfa ligbt f^nm-cotoor; Sbe tnoat dcünrte jmwesae) an entin, and the 
»ticolatiog lurbces imooth and nniqjnred : fra g mtiiit of tgg-thcBt, and 
«•es fAe isny rmpt ^ Ua tractei aad air Uiitt arefrfriti. 

Tht boDetware*« i^i by Ma. Walter UmMeU, bea a bed sf marir 



i to ttit« » of BBgitie todcB and earthy nlcanic toff. TUa laiid Iwd fiBed 
i^ an Iha eintia and canedli, bot wu in tio iaatance cnuoEdated or 
«ggrcgated to|ethet; it waa, tbei<dire, easily icauiTcd by « soft Ixtab, 
ml th« booea facttdij daaml witboat ii^uy. 

' Ulli TiiAiiiii nrm'T Wmxt t oa ttna fauB malai, la IMifnsl »aaiBifüw, 
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The ipot whcaee tbe«s pnöoiu reüce of the celaukl bkit ttaE <waa 
tahalnted the ulands of Nev Zenknil were obUiHcd, ii a flit bw^ «f 
land, near the embouchure of a river, named Waingangoro, not far frOM 
Wanganui, which hsa ita rise iu the toIcbiüc regions of Mount EgiBoQt. 
Hie natires affirm that this leiel tract wai one oT the placet fireC dwcH 
upon by tli^ remote ancestors ; and tMa traiiitioa is corroborsted by the 
erlatence of numeroiis heaps and pita of ashes and charred bonea, indicatdog 
ancient fires, lonp; burning on the same ipot. In these fire-beaps Mr. 
Mantell Toand burnt bones of «en, mo tj, and dog). 

Tlie frsiments of egg-shells, imbedded In the os«iferoiu deposits, had 
escaped the notice of all previous naturalists. Hiey are unfortunately 
Terjr sm^l porticais — the largest bdng only four incbee loag — but thejr 
afford a chord bj wbidi to eatiniate tbe size of the origiatd : Mr. Mantell 
obsetves that Hie egg altht Mob mast baie been so large that a hat wonid 
form a good ^g-cup for it. These relics eridently belong to two or 
more spedea, peitaps genera. In some examples the eitemal surface ii 
smooth', in others it is marked with tiiort intercepted linear grooves, 
resembling the eggs of some -ol the StruthionidK, but distinct from bE 
known recent types. In this valuable collecttoii only one bone of a 
mammal has been detected, namely, tbe/emur of a dog. 

An interesting memoir, on the probable geolo^cal position and 
age of the ornithic bone- deposits of New Zealand, by Dr. Mantel], 
based on the observations of his enterprising son, is published in the 
Quarterly Journal of the Geological Society of Londoa (1848). It 
appears that in many instances the bones are imbedded in sand and clay, 
which lie beneath a thick deposit of volcanic detritus, and rest on an 
argillaceous stratum abounding in marine shells. The specimens found 
in the rivers and streams have been washed out of thrär banks by the 
currents, which now flow through channels from ten to thirty feet deep, 
formed in the more ancient alluvial soil. Dr. Manleli concludes that 
the Islands of New Zealand were densely peopled at a period geologically 
reeent, though biatorically remote, by tribes of gigantic breti-pennate 
birds allied to the ostrich tribe, al), or almost all, of spedea and genera ' 
now eilinct ; and that subsequently to the formation of the most ancient 
ornithic deposit, the sea-coast has been elevated from fifty to one hundred 
feet above ita original level ; and hence the terraces of shingle and loam 
which now skirt the maritime districts ; the existing rivers and mountua 
torrents flow in deep gullies which they have eroded in the course of 

Aovergne, in central France, are eicavated in the mammiferous tertiary 
deposits of that country. The last of the gigantic birds were probably 
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(otermituted, like the Dodo, bf hnmui igencf : aama imKU species allieil 
to the Apteryi, maj poimblj be met with in the nneiplarvd puts of the 
ICddle IiliDd. 

T^B Dodo.— Vol. I. p*ge 291. 
', A. matt TBltubU and highly intereiting hiitornf of the Dodo uid its 
kindred* bu recentlj eppeurd, ia irluch the hiatorj, «ffinitiea, sad osteo- 
logy of the Doäo, Solitaire, and other extinct birds of the l>luids 
M^Diitiiifl* RodrigueE, uid Boorboa, utt adminbly elucidated, hj H. G- 
StricklaDd (cf Oxford), and Dr. G. A. MelTille. The hiitorical part is by 
the ronner, the osteologicol and phjualagical portion b j the latter emin^iit 
anatomist. We would eunegtly recommeod the reader iatereeted in tho 
moat perfect hiitory that hai ever appeared, of the eztinctian of a race 
of large animils, of which thonunda eiiited bat three centaiieg ago, to 
refer Co the original work. We hiTC odI; space eDoogh to state that 
the anthors have prored npon the most iDcontrorertible evidence, that the 
Dodo was neither a vulture, oatrich, nor galling as previona anatomista 
■nppoied, but ajrugivtraiapigton. 

■. Stndilwd aad lUiiUa. 1 vol, «W, viih 
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AmW, nuorclMa on ita vagelable ori- 
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Animallire,itaQniTenBll[f,3W)— 3G4; 
ai Tiswed with mlcToäcapic powen 
ofriaion, MO — SM; rapid prupag». 
Hon and teniicitj of Hfe in aaim^ 
cules, 8(3- BBS; geographr of, 349 

Anning, Miat Maij, diumeijof tlis 
ink bsg of tha sepia, and of copro- 
litea or flab, in tba liaa of Lyme 
lUgU, 37S, 374. 

"■ " - 'Antdmt World.' 



377,384, 
ApoUoniui Hjqdl 




xaUon aiperim 
wmeta, M, »1 



iSl; on the NoTembur fall o _ 
teraa, 113; Zodiacal light, 183; 
moäoacfthaaolDrByatein, 13U, 137; 

173i hoTBrf DbawTBUoni of declina- 
tiai al Pam eoapared with aimul' 
taneoua peitnrbaüona at Kaun, 18« ; 
diacoveiy of the influaoce of mog' 
nelio ilomu on the courae of Ihe 
needle. 180; on aouth polar bandi, 
103; on Wnwtral light, 107; phe. 

317; obaerred Ibe deepoit Arlsaisn 
velh to be Iha wameal, 230; eipla- 
natloJ] of the abaanca 4^ a refrigera- 
tion of temperature in the lower 
alnta of ths Mediterrnnean, 808; 
obeerralioDa on tho mean eoDual 
qiuntiij of nin is Parii, 811 ; hii 
ioreatigationi rv tba eiolutioD of 
lighining, 84a. 
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Aignluider, on UM coniMi/lSll, 
on the motion of Ute solar «jtt 
IM, 13»; onlhelightofthaAur 
IS», 180. 



OHHtt. 88, 00; on lbs L^ma kid 
ofltawn, 103;KRi)i1«, 110; ontlu 
Mo» or^g« PoUnua, It»; awire 

evUiqoiks,90«i hi* aecoinit oT the 
iqihunli of idndi of MDptioa, MO ! 
' ■poDtsnmiii raDlic«i,' MB ; noOcsd 
U» nintm awnud I7 longsJUlen 



330. 



reib, tompecmton tr^ 1 



Atmfisphnc, the, general deicT^liaa 
of, 317—321; ia osBpoeiikia md 
■diDiitun, ail, SIS; lUlUion ot 
prewin.SIB— 338; disMie «Mri- 
bntion of but, 31B, MS— tU; dU- 
tlibulion ot hamiditT, >IB, 83C, 



Aogual, hn ftjchnimtur, MO, Ul. 

Aqg0itiiw, Sl, hü titm» aa Apootft- 
nsoiu RimantlaD, BM, U«. 

Aomn Bomlii, geaenl dncrlptioD 
of, 187—187; origin upd «one, 
1S9— IDI; Hlütude, IM, IM; iKil- 
lisncT coinddoDt with dw &11 aC 
■hooting aun, 114, IM; wbMfaor 
Blfmled iiilh cntckling loaud, 1S4, 
IM; iutaM? ot in Ugbl, l»e. 



of, 330, U'l. 
2«ltan, Hr., leCtac, on th* now Um of 

lb» two lide* of the Uimalij'i^ 839, 

340. 
B*wllvt, Capt, obiemd the aiiHoni 

vi infUmDublB gu, on the Caranit 

niu «:att, M dflKtibsd h; Fboj, 



330. Sea ibo Dot« bj Tnudatoc, 

330. 
leuiiDont, Blie de, oc Ibe uplifting of 



tDmäj Id 
hcIodA.!) 



hj (fanadei or hiJI w UoM of iMnB, 
3M. 
BeoclwT, Capt., 83; abeemlioDi on 
the tf mpontare aod deori^ of Aa 
watev of tba vceaa, nudln- diffinoBt 
HDS of loDgit^c and lUiMde, 



tbearr of ibe vtiBaä.tJ sf the peaii. 
nritf of volouH» u the aea, Sd3i 
ngetnieo «o th* 4«ltiri>T o( SSui, 
34«. 

BtBnl,C^. iboMkiE atui, 107. 
BoRoa, CoDDt, bit bamiuilncsl taw. 

■uniiHaita of the Da«l S«a, 101. 
Banaliu, od tha chonical demanb dF 

lAolilaa. llS-ItO. 
Bergenberg, on nMoofs and (booling 

atari, 10«, 107; ihsipniodionuun 

InAngBK, HB. 
Baaaal'a theory on lb« oaeülatiaaa of 

the pendulum, 34; pendulum «up»- 

linasn, 43; on tho aaraltu of SI 

Cjgni, 73; on HullorV coinot, 87, 



Cjgni, 138;paiaUvUB«DddiaUMB 
of fiitd aura, I13i cuniHiriaaa of 
iua»r»iBU of dagraea, t*7. 
Biol, on tha phauHueuoa of twilight, 
104, IOI4 0DlhaiDdaieBllighl,l31; 
pandulam eipariiBBnIa at Boidaaiu, 

Biot, Edward, Chiiiew obwmliona of 
0DnioU,8a, »i; oraeiDlito^ US. 



^obo, 113, 31 fl, 384. 343, 30«. 
luDienbaob, hli ol an i li oa l iO B of 
Tace><rfn»,8e«,3SS. 
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Bikkh, origni oT tb» UKnnt mjOi al 

the Nemaao lanu lion, 133. 
Bogualawiiki, Tallt of tboating itan, 

106.118. 
Bonplsnd, H.. and Hmnboldl, -m Die 

pelade iheUi fooDd dd tJte ridge o( 

lbs Ana«, as. 
Bopp, derivallon of ths word CoamoA, 

G2. S3. 
Botu^ogauH. oa tlie deptii at which ia 

fiHind the Tnean anaua] temperature 

«ilhin the tr^i», 168; on the Tol 
■■" I GraijOila, 214- 



the le 



in the 



tropi», 217. 318; temperatuH of the 
thermal springs of ijia Thncheraa, 
319; his iiivestigalions on the clie- 
miual BDQijflia of the «tmosphere, 
SIT, SIB; on the mcaii annual q<un. 
Blv of rain ill different pans of South 
Ameriia, Ml, 313. 
BniTud, M., 90 ; his ohasnatiDns on 
thai [wniou of tJia honuj oscilla. 



304,30s. 

Brande, laili of ihoatlng itsts, 100, 
103; heifd>lan<l Telocity ofihoouiig 
■tan, 107; theirperiodicralla, lis. 

Bravaia, on the anrere, IM; on (ha 
dailf oscillationa of (he barganet« 
in 70° north latitude, 3tt0; diHtibu- 
tiou of the quantity uf rain in Cen. 
ml Europe, 311; doubts on the 



Bioognian, Adolphe, lumrUnce of the 
trrimiiive veKCUUe world, 31tl; foa. 

983. 

Brongniait, Aleiander, hn^natlQn ol 
libbDn jaaper, 360; one of the 
fbundars of the erchnologj of or- 
ganic lii^. STO. 

Bnwu , Boben, dnt fliacovoier of moloe- 



cibiTb 



of the Island of Palu, 
138; on TOlcauosi, 333, 337, Ml, 
343, 346, 317; on inatamorphic nxka, 
34e-.3«3, 361, 264, 365; on OM 
origin of Taiious cnnglomerstes and 
io<^ of detritus, 371 ; classification 
of Ammonila, 379 ; physical caoaea 
of the elerslion of couünents. »M; 
on the changes in height of tha 
Swedlih coasts, 3S9, 300. 

Buckland. 374; on the losul Hora i^ 
(he coal measur«, SS3. 

Bu9bn, his lieva i.n Ibe geognipbieal. 
distribulionofaniniab, S»7. 

Burchhardt, on the volcano of Hedina 



Bumea, Sir Alexander, on (ha pmi^ 
or the atauBpliere in Bokhara, 100,. 
101; propagaüoa of"' 
quakes, 30S. 



if shacks of ealth- 



nargoa M.S. HUloria di Tlaieala, 



at Canla, 103. 



Carlini, gew 

budy, ISO, leO; Muun 
Cairara marble, 363, 364. 
Cams, his deäuilioii of " Natura," 31. 
Ca^^ian Smi, it« periodii: ria« ai^ Ul,. 

301,303. 
Cavini, Dominlcus, on the Za£ual' 

liglit, 137,138; hjpoth«iaon,130i 

hia discovery of the ^karoidal Iran 

of Jiipiier, I »6. 
Csulley, Capt, and Dr. Falcon«, di*. 

coveiy or (ilgiuitiD Ibaula in tba St- 

malayas, 381; see also note bjr 

Tmiululoc, 281. 
CaTanilles. first enlertan«! Ou UmoI' 

aeeinn grass grow, 110. 
Caiaudiib, vaa of the torsioo-halvu* 
. (oilelenninelheBMUdeniiilyaflb* 

Earth, 163. 
Challis, Prolten, on the Auian, 

March 19, and Oct. 34lfa. 1847, M« 

note by Tmiislalor. t»0, 191. 

comet' <^ 1668, called 'njiat^' M 
■ petita laiu»; 138. 
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lii 
(tia Col ill 



Chiljn]' flnt ducribed tlu Z 
lillbt, in hi* Brilusu Bi 
131, 138. 



phraommon of ucniding ihooling 
■Uti, 110; on (ha ohtcunüon of the 
Sud'i due, 121; Kund^flgum, 134; 



Clark, 



n the T 



u or itmospheiic el«ctricilj. S43. 
Clvko, J. Q; of MuDB, U.S., on th« 

Comet oF IMS, 83, 811. 
Cliiuiic diithbutUm of hsit. SIS, 83S 

— S3fi; oflmii>i<litj.33a,34l,312. 
CHnwlDlogr, 8!3 — R36; cllnule, ge- 

ntnlKiiHor,S33,S34. 
Cloudi, their elactrio lenuon, colour 

■sd he^ht, Sil, 34S ; emineclioii of 

oltioiu •iTita «iOi äie Aurora Bo- 

i^ieiiomeiu'D^ 199; Ininiiiou, 197; 
bme on (heir fonnaÜoD uid sp- 
peaiuiie, 331, 833; ollai preaeat 
on ■ bri^t Himitier >W tiie ' pm- 
Jsctad inmga' of the uQ below, 331; 

floal IbnnatioiH, udeot TegeUbiera. 

maim in. 383, 283. 
Cod mitwi, depth! of, UO— I«l. 
Ca1ebn>Dk>, oa the mow line of (he 

two lidei of the Himilayai, 10. 
CoJIodon, electnuugiketic appBAtue, 

S4S. 
Oolombiu, hi* nmtrk llut ' the Earth 



Aiorea. 171, 17S; of lava sUeun, 
34A; noticed eonifem and palim 
growing together in Cuba, 388; n- 



>, 23, go, 93—94; Blii^piiDy 
fi« ; Cla.iHn'i, M ; Encke'K. 23. iO. 
ee, 93—94; Fhjb'i, 93, 94 ; Haller'a, 
33,S4,B7~9E: UiBll'a end Biirk. 
bardt'i, 94. »9; Meuier'i, 94: OI- 
ben'. 94 ; Pom', 94; lummm one of 
1 ass, leen iu Penia, called ' njzek.' 
or ■ petite Ian«,' 138. 139 ; comet of 
1S4S, 8S.8n; their nnclEui and tall, 
70; imallm^e«; deniity of fcrm, 
84—87; light, SB— 91; ybIocLij, 9S; 
cometa of abort period, 92—94; ]ang 



la. 93; bjpotbais of a 
iniD coi^ecUtred A^>iii 
ig period of the rerolu- 



inppoied inflDWca on (he iint^{-, 

Compaaa, carlj nae of b^ the Chhteae, 
173; pennaam:; in the West In. 
diet. 174. 

Condamlae, Ia, inscriplian on a nur- 
bla Übtet at (he Jeniit'i College, 
Quito, on the uee of the pendulum 

Condi, notice of a heaij shoner oT 
■hooting elaii, Oct, 903, IDS. 

Cvabifnf, and I>alcrcdBj geodetic opoq- 
tiODi, 30». 

Coidillenu, (cenoj of, 4, 8, 13 ; vei^ 
tatlon. 13, 14 ; intenulr of the Zo- 
diacal tight, 130. 

Cotmographj', PhjelcaJ, Ita olyot aodo 
DUmale aima, 36, 39, 40. 41 j mate- 
rials, 43. 

Connoa, the Buthor'l oliJMl, 18. ei| 
primitive algnification and preciae 
definiüon of the word. SI ; ho» em- 
ploj-ed bjGrOBk end Koman wHtqra, 
61— tS; derintion, 13, «3. 
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»ece, 210,330. 

i«, one of Iba fbunrlers of the 
rchno'-ogjorocgaaiclite, 37G,376: 
AC0>er7 of Touil cracadil&B ia tfaa 



Dieauditu, bi« ' punllel at lb« dih 

phingTn/ SeS. 
Diogenes, LoerliQi. oa the neTDlita of 

£ei>*Pouiiios, ioa,ioe, 123, isa. 

DOrtHüSf, rusid nmaias from the 
HlmBlnfB und the ladian plaini of 

of the ds. 



Dtimw^hoa, on the phenomena ettepd- 
ng the fell of the ilacte uf f - - 
Potemos, 133. 

Dslmm, no the etiaUnce of Chin: 
annea]de> in palar mow, SfiS. 



»uwin, Cht 
the inierli 
311 : cenliol 



i!«nl vegetaÜDD in 
uiDiemea'eLand, 



moterielt in the temperate Zenea of 
the Southern Hemiiphere far tlie 
studj of the preaent and put g«o- 
giaph; of [lUnts, S8fl ; en the fiord 
ibrmation at the ioulh.ea3t end of 
America, 387; on the elevalioii and 
denreuinnorihe bottom of Ibe South 



Dauheny, on Tolcano«. See Trans- 
latnr'a notea, U2. IBS, 180, 30e, 
aid, 231, 93J, S3S, 3SI, 3S3,3Ba, 
93J, 343, 344. 

Dkuu;. hii baromelric eiperimenta, 



803; obaenuior 



it, 313. 



iref, hjputfaqla on 
unve Toicamc phenomena, 331 i on 
the lew temperatun ot wMer on 
abooU, 314. ' 

Dead Sea, iti depreaaien below the 
level of the Mediterranean, 301. 

Dachen, Von, on the depth of the cttl 

Delcroia. See CorabcBüf. 
Descartea, hia froKiomtt of a coDtem- 
pUled nork, entitled 'Monde,' SO; 



It), 138, 1' 






Cutch, 37B. 



electromeleT, 188; 'law of rotation,' 
321 ; on the fonnaüon and appear, 
an« of elouda, 322; on the diffar- 
imce between the true temperatnre 
if Ihe firound and lite 



pended in (he ahade, SB3; hjigro- 
melric whidroie, 310, 341. 
Dojdra, hia beamifnl axperimenta ea 
die tenaci^ of life in anlmeknlaa, 

Drake, ahaldog of the eartli Ibc toe 
«uiT« daja in the Uniled State» 

(lBll-13), 207. 
Dufreno; et £lie de Beaumont, Oio. 

legie da la France, 2d3, 3S8, 3ES, 

3eo,2el,3B3,26T,3SB. 
Dumai, reaulta of bit chemical oolljaia 

of Ibe atmoapliere, BIT. 
Dunlop, on (he cwael of 183d, Sa 
Dupeire^, on tiie venfiguratiDn of the 

magnetic eqnator, 177; pendulum 

DaoUationa, IdS. 
Duprez, mfluence of treea on the in- 

taai^ of electricity in the almO' 

apbeie, 313. 

Eandi, Taialli, electric pertotbation 
during the protraeied eoRhqaaha of 
Fignarol, 2<ß. 

Earth, aniiejofiU'cmital, SSjrela. 
tiie magoitDde, &e, in the Solar Sji- 



nitj. IBl— lai; internal 
heat and temperature, lei — l(tS; 
electro-magnetic acliTitT, 16B— ISOj 
coiijcdtnres on itj early high terapen- 
toie, 134; interior mcreoie of heat 
with iucreaiing depth, 163; greateat 
depüu reached by human labour, 
148, 149; melhodi employed lo In. 
Teudgate the currature of ila lurlece, 
146 — 180; reaction of the interior 
on the aitenial cruM, »3, 107— 
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Embqnakei, gum 
— ai4; tkeir n 



9U1; of Biobuba. IBS, 301. MS, 
309, 311 ; Idibon, -JOH, 307, 9H, 
SIO; CibblH, SOI; Ilwil rtofrng,, 
tni, (W, 30e, ao»; WIT« af nm- 
»d«, SOO, 901, 909, 90B| aeOaa 
a« g am u i ud nqHous ipriBgi. 
SOe, 319, 991 ; Bin and Hud •dI- 
MuHi, 331— »4; anas«» p«pu- 
)u betwr DD, 90I--903; neue tc- 
luiiipujiDg Hrtbquk», 90^—906: 
llwii Tut dmtroclioD of life, 900, 
307; TDl«Di« l»rc*. 910, 311 ; *mp 
— I ,: --—■ BfB^onpMdooidon 





819— «4S. 

Slemioiis, oompaiMin, al 

ID tba trcn HanitplKr« 

EDcke, SI ; hii compotati 



Enuliu 






9,10«. 



1, G3,dl. 

EpkluniKu, wfiüngi o^ Si. 
Sqnator, adranta^foa of tbe Dountriea 
b«d«in)c an. 11, la, 11; dtsir pr. 
ic nehB« and fattüür, IS, 14] 
1,178— 17& 

e ttirw cold 
/ (Hü»— IStb), 131; 
Ham of dndinatiDe in f^aräuni 

tha Adimtic, I @1 ; obasrutoo« dnring 
the earibqiuks at M^uk, on Hie 
Don-diHurbance of the honfy 
chasgn of lb« magaMis utadlB, 303. 
BraptioDt and exhaUticaii iTcJcaflicI, 
hv^ gaaeoa» and fiqaid floida, hot 



lelie eauatDT, 178 — 1 
Adutab. on the i 
of Uaj (lltlk— 1 



Falconer, Dr., fassU n 

Hinalajaa. 381. 
Paradaf , ra^atib|E ba 

DMiaa, fcc, 9«, IT3, 18t; hnmn. 

diacotfery of tba eratalün ol b^t, 

bf nagnetii IbRM, ISS. 
Fanubanca, as 4» cotiBecttoii cf «t- 

niM al*idi wiA tka AuMca, ISl; 



MialMdof.UI. 



Tnnto in Lr». X 
ItaB iil«d ol SaBlorii 
Forba.Pi>i«MarJ.,bi 
nii>meUT.300;sBtba 
nuliiig be i waa a tka dtur^miaii of 




of ■HM«)Todai,-lll. 

FoaUr, Reinbold, pjAmidaJ e i Mfigai a - 

«stiaaK*, 3»4. 
n<«l TeauiiB gf ttof*»! plaoti Mtl 
animalft Jbimd id Donhfra >e | ^an^ 
SB, 37. 973—986; irf' aitiiiet n^s- 

DiaMB-a Laad, 331 ; favil boaoi 



B, lu. iM.iQs, les. 



D,gniod.,GoOglc 



I ' ] 



IhE wMn anr tkeiB, tu. 
FraaktiB, Capt., on the uwn, IBI, 
184, IflS; nräj el eleettie «pli>- 



Oalilso,e9,U8. 
Giüle, Dr., TO. 
Galisiii, AlojuD, BccideDtil dUcoiar 

ofgalvmiim, S3. 
- Gaaeoai emBsotHAB, fliiida, mnd, and 

inolteiinnli. 3)4— ai7. 
Oaspaiin, dialiiWtioa sf lb* qnantilj 

of rain in CenDal Etmpe, 841. 
Gbuh, FiiedTichpOalermuialmBgDeU 

BID, 172; hli eiscttui, Bi \Sia,ala 

nagnetiG abwmiloij oa a Don prin- 

dpi«, 186, 186. 
Oaj-LouM. 200, 3U, 333, »8, fllT, 

SIB, S43, S44. 
GmgnDsiic, «t gEologtc*] dncilplion of 

the eaitb'i aurbce, 107—390. 
0»giKis7, [iho «tud^ of Lba Uituni 

aod pofliiiAA of the mtth'i aurfac«}, 

its progreu, IRS, lOO, 
' OH^nphf, phriieal, 3*1—316; of 

■Diml life, 349— 3Mj of plant*, 

SS*— 360. 
Ssagnpbia, lUtur'a (Carl), ' Oeogn. 

pfar in lelauon la Natura and th« 

HiaUnr o( Han,- 38. 4S,W; Vug. 

oiui (Barnhard), Oennal and Conk- 

parative Gaogr^ib;, 4Bj 4D. 
Gerard, CapU, A. Q. and J. O., on the 

Kuw fiw and TsgrtHlIna of Ihg Hima- 
lajas, 10,11, SSS.KSe. 



37. 



Giiga,mlBrof, 

«irard, «mpoi 

basa)l,2i3. 



of Oct M, IMT. Sea Tnulibn'a 



Ibaail mcbDan of tho fljinR aau. 
[i«ia,37a. 

Q^pert, n the CDannkni of a frag- 
ment of awb«r.tnfl into black eosl, 
aS3, 3B1; cjeadne, 38«; on tba 
■mbar-ITH Df Uia Baltie, 367. 

Gnlbe.Il, 37, 34. 

GiBOb pbildHiphen, Qwir ose of llie 
tomCoamos,«!,!!: hTpolbeani«! 
ai^lim, »»,110,133.133. 




OOmet, 33,84,87—08; on the 
Hieusr of IS36, IW, 133: on Iha 
ligbt of itan, 143; hjpirilieni of 
the earth being a hollow ipheie, 163; 
bia boM anjeUura that iba Annn 

BM, 187-188. 
BaBsteeB, on iBagnetic Jioes of dacU. 
natioDin NoHhan Alia, 170 — 176. 



inuner, lalling Man, 106. 
neke, planets disBavered bj. 
neu bj Tianlatiir, 74, 76. 



of 1744, 87. 

dcacribed Scftbia u (Rl 
aaithqnakes. ISS; Scjlhiai 



Berachel, Sii WilUan 
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■HDt ■! DplOO, 1 
Satlllll, 81 1 dUmnen oi mve«, 
«S : on Iks CSD« of 1811, BS; Mu 
nni^iDf*, 140; lUrla* n», 141, 
143; liDH rM|DlrBd far li^U to piu 
to thv eirth Aom tbo mooimt luini. 

Hencbd. Sit Jo^ Lett« en H>- 
gdluiie Cloiidi, W; ScletliM ot Si- 
mm, 81; Dtbiu of Iba SaMlliu» of 
Cmnn, 83; dianwlfn' (^ Ncbulou 
•tani,lSO; SullvHiUtTWBy.Ul; 
Iwtal of iuUled Bburj cluitsn. 111 : 
etoETTed ■( tlw Cq«, tha Uu q in 
Aifo hicnua in tplmdonr, 141: 
isTuwMlitf of Ilia magnetic dscH- 
nmäm ID the Wot India, 1" 



144. 



• Unit 



■taflBlS, 91 
BibbfOi, Di.. on ÜH Lake of Luck 

See note ij Ttamluoc, 31S. 
HimaliTU, Iha. Ihair allitode, 7 ; lee- 

mrj and n^Mation, 8. B; isn^ien- 

DO thair noTthtmi and aontham d& 

cHrid«, 9—13, SSa 
Hind, Hr., plBDBladiacoTaTed bj, 8e* 

Tniulalar'i DDK. 74, 70. 
Bbidoo ciTi li EM ti oD , ita primidra aeat, 

14, IS. 



HippocnüH, bia erronecua auppoaitioo 
Uut the land of Scjrthia it an do- 
Tated (able land, SSi. 

BoB, numarical enquirim on Ibe dla- 
tiibulka of eaithqnakea thToagluat 
tha jaar, aoa. 

Hoffnuui, FnedriiA, obaoratioDa on 
eanbquiL«, 301,909; on enptka 
fiaim in iha Lipaii lilanda, 237 

Holberic. liia Suin, ■ TraTsli oF Nie 



S» Tramlatot't note, 184. 
Hood, on tha Aonnn, 19fi, IVfl. 
Hoalic, Hoben, puUationa in tha 

taili of eomeli, ItS; hii anfiapa. 

tion of the application of botanieal 

and looli«™! aildencs la deter- 

mine tha ndMiTB age of neb, 373— 

374 
BoJunga, ChlnnB firfrvprinf^ lh«ir 

dinilh, UB; diaa-' ' 



Hünl, Carl Von, on tha eleratk« of 
the Talhr of Kadmir, IS; on Um 
«Dir Idm of the HtmslajM, SIS. 

HomboUl, Alelandrr VoD, worts hj, 

Aimaln d» Cfairaia ot do Phj^ 
■iqna, 9, 310. 

Annales de* SciencFi NaCureDei. 7. 

Anuchten der Matui, UO, S33 
MS. 

Am Ccntnla. 7, 9. 13, lOI, 149, 
lOO, 173, 300, 314, 31«, 333, 
344, 3tl, 313, 3B0. 393—293. 
30), Mi, SO«, 306— Sil, S3fl, 
S39, BJl, 337, 3S8, 343, SS9, 

see. 

Atlai Oiogtaidiiqne et Pbjaiqna 

du KouTKinCcDtiDeDt, 13.318. 

De diitiibutiona GHi};npnic& 



ttom, 13. 3911, 330. 
Eiunen critlqiio de l'Hätrara da 

la Gtogruihie, 10, 17S, ITS, 

32C, 393, 396, 312, 313, SIS, 

333,336. 
Enal GeognoMiqwi anr la Gias- 

nent d« Bochn, S3S, 3«2, 307, 

SOS. 
Ebu Politiqaa lur la NoanDa 

Eapagne, 117, 338. 
Eaaai lut la Oiognp^ da« 

Planta, 13, 228,821. 
Fkn Viiborganaii Sabtemnea, 

S48, 349, Mi. 
Jonmal de Phjx'qns, 171, S9e. 
Letm an Dne da Susaai, anr lea 

Mojena propreo i petfoctionnflr 

la Gonnainance du MagattiBmo 

Tnrealn, 170, 18«. 
Uonmhani dca Paiipl« In^ginea 

d» I'AnwriqDS, 139, 130 
Nonnlls Annalaa ds Vangm 

313. 
BecDsfl d'OhaarratHoa Aatrauo- 

ndqnea, 7, lAB, 334. 
Been«] d'Oboarrationa da Zoo- 
™pB*e, 



SU,330. 
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179, 180, 909, 303, 31T, 918, 
339, 361, 363, 3ee, 804, SO«, 
S07, 310—313, aSÜ, 321, SB4, 
S36, 343--S44. 



Vna d« Coidiliim, 333, 337 
Hnmboldl, Wilfalm Von, on Ihg pr 
mili*« Boat of Htodoo dviluui« 
ntnci from, m-, D 



EIimälayA«. 



Dma reca ot Ha boad af hi 

868.368. 
HumUiij. 310, 810—813. 
HuttOD, C»pL Tlramn, hilpapBr 

aw «now line of ths Bimalaj 

B3&— 810, 
Hu7)ibeiii, poluiulion of light, 38; 

DsbuliHU tpoti. 137. 
BjgromeD;, 340 — S13; hjgnlllMtnc 

windioH, 810, 311. 

ImeginiitiDn, iibase of, bj lulfk^vi- 

lixednatiDii*, 16,17. 
Iiiil»rt,bi> account of Chin«* 'fln 

■priogi,' 149. 
loman Hshool of oatanil glatotagbj, 

17, 60, 67. 133. 
ItOHenic, bocliuil, iMdfnunic, ke. 

Jaequemont, Victor, hia baroDietriMl 

obBen-auou on Uw HiDir line of tbe 

Himsbru. 11, 336. 
Jvp«T, ii4 hnDmäoD, 360< — 369. 
Jutea, on the gradual riu of ll» 

ciM«or.S»Mlfln,399,300. 
Joinllo, bomitot da, 397. 
JuiÜTjiu], conJBottm «1 tba pbj^cal 
■ of TOlCBldC BTupüoni, 313, 



313. 



iulnroiDetric tinfa, 391 ; 



ir,319. 









n Ihs tlwoij Hid 
«irucuiB 01 ue hMvoii,' 31,17, 
eulliquake at Uibna, 30S. 

cosit of Spitibergen, 300. 
Kopier, on tUe diMoncea of 
on ths deniil; of Ihe planata, 17, 76; 
Iw of progieauon, 70; oa ttie nam. 
tworeomeia, 84 ; (hooting itan, 90; 



73 1 



D of Ihs iim'i ike, 

121 1 on thfl nidiatieni of htnl Inm 

the GiEd Bisn, 13S; on ■ nlK at- 

moapheie, 13& 
Stbden, ihootiiig itsTi, 107, 119. 
Knonledga, lunerficial, etile of, 93. 
Krug, of Nidda, Isniparature oT tba 

Otjter and liie Saokr intennitUnl 

fouataini, 310. 
Knuanatam, Admiral, oa the train of 

a fireJMll, 100. 
Xuopl», a ChiDaee phriiciit, on the 

bar, 183. 
Knpffar, magnetic atationl in Norllun 



I^niberc, auggotioa that the diractloii 
of tbe wind be centred with tha 
height of Iha barometar, alteraliona 
of Unnparature, faun^diij, ^c, 331. 

Lamoni, maai ot Uranua, 78; Balel. 
Hlea of Saturn, 81. 

Language and thought, their mutual 
■lliance, 87; aulhor'i praiae uf hi« 
natiie lauguaga, 1.7. 

LangDagaa, inpoitanc« of their atudj, 
366, 367, 869. 

Laplace, Ua ' Sfat^me du Monde,' 98, 

required velocilT af 
■ MDoa.lU8, 



lOB; 01 



»prpJMloiiJ 



jftheb 



9 atmoiphere of coamkal 
., »0; Zodiacal light, ISO; 
lunar inequalities, 1A8; the Harth'a 
farm and aiaa interred Stum luiuir 
hieqnaUlies, J 30, 161 ; hia latimale 
of the mean height of nnuntaii», 306, 
807; denaitj of the ocean required 
to ba law than the enrüi'a for the 
■tabilitjof iti equilibrium, 311; re- 
■nlla of hia perfect theurj of tidaa^ 
311. 

Latiu writeii, their uia of the term 
' Mundoa,' 08, M. 

[^lilodea, Nonhem, obitaclei tbqr 
pneent to » diKovery of Iha lawi ot 
Mature, IS; eorlieat acquainlanea 
with the goieruing Forcea of tb» 
pbytical world, there displajed, 16 : 
apread tirna ttience of the genua o5 
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!M4,SU. 
I-eTiRteT. — pliuat 

TnaiUMi's Dote, 74—7 1. 
t^wj, olaerTBlioai (n dM vaniog 
' of oCTgm in th» iitininytiere, 




pYifdf^tiaa Df, 143; speed »T OflBut, 
lU. S«e Aeu*!}!«, Zodiacal H^t, 



äSJ. 



nb»li o 



isogonic [mugnelif vqvJ devlfl- 
Hon). 170, 171— 17S; isocümd 
(miigiwlic Fqml ludiOHtiiKil» 171, 
172, 174— 178; uodjnunic (oi wg- 
iwUc equal furo), 174, 178—188; 
iMRHnbenBal IduhoBHiChnKat), 
SI«; ■ ■ 



ArgD,144. 
MiuU«T, planetaij < 
Ureniu, 80; diitani 
meet utelliU of Salum rrom tbs 
»atn of Ihn planet, 31; matsrial 
coDlEnIa of tlw lioim. SO ; iti libn- 
tiuii.eS; mean ileprearän oflBiBKni. 
ture DQ Ibr IbrM cold daji aJ Mar 
(lllh— ISlh), till oonjeeton Aat 
the avenge maat of th« Idrger Dam' 

oftheSun.lS». 

Magellanic cluod^ f>». 

MsRoelicBtlnctinn, 162; declination, 
174—178; homry motion. 170— 
172; b<nrj ^Miulkm., 17S. 184; 



■.170,1 



1,188,11 



AiiVDTB, 187— iÖÄ; rtpmented hj 
movement« snlwues», I7J>, ]7e| 



HwutBm, (ujwli 
d«tia,lM— M 
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nmubable srupäon in isilnd. 

Mahln», WiBwln. Mth-Tw l firac- 

miUle laUidia of tb* tm^sHsj 

M*i«-. ai lb* ZadJMd li^ 1», 
laS, ISl; hit tfina « diMlhl Sbq 
■ BwbalmUa, UC. 

Mlä^ot. nmidv aBiiMaiB,8a. 

^u» of tkt auMKty •( h» xtBH, 
*; ntakt of liis ictdlenial f«D- 
gnw, S4,M; gu^phiuJ di>«Tbii- 
&1B of no», 960— SM; o> lb* u 
HimpCioB of siipmv hbA mfetaor 

»OB. aei — BS6; bit mdni »»e- 



M, M, laa, a7v, mo, km, 38«, ss7, 
291; ' ii<d^ of Cn-tei; ».an. 



Uarliiia, üliaorvationa on polar I 

102; Ibimd lliHt ur coUecInl M 
FmilborB coihwmhI « loack «tkh 
Mlheaiiitf FiBB, S17; « tbi db 
tributioii d( Ih« qusntil; of niaii 
C«U»I Eir<^,S41; duvbtl cm. lit 



A«aaier, cum«:, 04; IKlnlulu ^nt re 
iBlunorpkic Uocka. Sftfl K«^*v 




Milkf Waf, IB %un, 7>! Tiun af 
ATii*>lle «, 89: VHt ta^cnpk 
biHuilh, UO, 141; BiO; wbj at 
t^akm ipoB at li^ aualo vith 
Uutofthenun, 141, 142. 

Miunli, ut^csllj lonnd, M9, STO. 

Mimi, ^canM 4epdi ei, 14S, 141), 
14Ü: »ewfUMmf, 148. 

MiH, phoHplxnKcul, ISl. 

Mitcliall, piMracud «nhqsde ibvcb 



MO; I. 



ciiBiBicai camttaiuitiDiiB, 

S6«; on gj-psuai, US HL 

tHHaoel^ ofi^ciHli 
cT^iMlliD bediu. 
of cT^fltakof 



i,3N,9TU, 3;3. 



H ofbrd». 



HoDWMi. (iBdianI, SOS, 

MoutiDilIi, m tbs «om: 

cUtric täi tnm Ihn ci 

-nua,13S; ctj^hU ef inu:i faiuidiii 
llH)i>iva*(VHUviiu,3Sl. 
Mvan.tlH, ik idutiva iDsgiiihid«,SO; 
I ; dittauce Irum Uta 
iu lihnüüB, 83, ISS; 
itb that Ol' tbe 




real» of OuL 24, 18*7.' So 
198,194, 
el 4üear^ his 
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tion, 30S, aoe, SM, S<M, 834i um 
orT^flMiion on tha declnitis cf, B» 
9, 344—3301 B»« line of, «—11, 

lud volcuw». 8m Suba und Val- 




Mnbon, gndail dciniö« at lb* 
•aulban purl or SKcden, SOO. 

If «ricflt, Andna de. popaUr bdtvf ifl 
SjtboD Ihsbll Dfa^rolilB, 110. 

Nswuni, diHUHd ths qunän od tb« 
äiStnac* bdtweOQ tfa« atlrmctioD of 
DuaH* and molflcuUr altiactioD» 4t; 
Newumiiii uiom OHiAnDed bj- 
Baud. 4e : lot ediHoD of the G«- 
jinph; of Vaimiiu, 49; Principi* 

pUiieU to be compoaed ot Iba taoM 
maOsr with Ilia Eiinfa, 130; com- 
proauon or lbs Euth. US. 
Nicboll, J. P., Doie tnaa hia accoont 

oT the plan«! NepUina, 74 — 7B. 
NichaltcKt, obaeiTalioiia of UKhlinDg 
^ ' Lnupajiied by thnwA^>f 



duced on (bo mmda of labntioua 
abHiven. 19, 3U; oatur« oalmea, 
31; her itudia iuaihaiialible, 21; 
g«iBivl obiervatioiUj their great ad- 
TBUt^eif 22; bo« to be cotreeüj' 
coDipEuhended, ^ü; her juost vivid 
izapiHuion« earthlj, 6f. 

Kalura, pbLbtupbj of, 2^10; pbjaical 
deKriptioa of, 4S, 49, SS. 

Mebulffl, 07—69; NsbulouamUlTwaj 
at rieht aoglei wiCb that of the 
itara, 141— US; Nebukiiu apate, 
coqiectui« od, 67—68; Nabukiui 
itaie and planetary aebul», 68, 69, 
142; Kabnkia» Tspour, 67— 6B, 70, 
71, 143; theii auppowd condsDja- 



r indiU 



n, 31j. 






IDlad 792 anniud rie 
ia lbs Dunk al a tree el Borra, 08 
Sordmaon, on the exutenca of aaim 
culeg in ths Buida of Ibe tja 



Olaerrationa, acienü£e, muebiflf ti 

nectod, 9o! 
Ocean, gtmeral Tin or, 280—316; ita 
»lent aa cainpaTed wilb the dr^ 
laad,S82;itidiipÜi, 1A1, SOT; tidei, 
SIU.SIL; docToudng temperature bB 




Oenled. elecDiHiiagnelie diieotinea, 

isa, les. 
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, I09i on tbs iiippoted pi 
of aacHi^ng shooting Btv 



perimsDb with, IB, Ite, 103; am- 
plored to InTOtigats the cnmtnn 
of Uifl earth« nir^fe^l AG, 167; local 



I, 114; pte. deduced 



iou at <L biillisnt fall of hI 
sinNoi. IHBT, US; Hbaence 



Olmled, Denison, of Newhaven, I 

necticut. obHiviüoiiB of aeial 

09, 10fi,107, lis. 
Oltmamui Herr, obseiral coptiimo 

with Hum1»ldl, stBsrliii, the a 

TDenti of tliB decliniLlioii needle, tS4, 
Orid. his dHcriptioQ of the Tolc 

Hill of Methane, 33fi. 
Oriedo, describ« the «e«d of the Gulf 

StKAio, OA Pradeiios de jerra [sea- 

ireedmBado»Bl,313. 

PalBonlologJ, 372—287. 



Fallae, mi 
Paltoer, i'.etciiave] 
the pradigioni i 



I. 1833, 113; 
[■eatance ib certain 
igusi and November 



T.ano( 

fall of ae 
PaiBlluet of üi«d itan. 72, 78) 

the eolni ayttem, ISd, IM. 
Patian and Curaia nwiblei, 

Fur;, Capt, on auroraa, thnr conn 

lei, 180; whethEi attended k 



Bd geognoil 

ofBesael, 4f 
ppDtluid, hia measure 

ADdas, 7. 
Perej, Di., on miner 

produced. Sea noLa 



Tge aürolita that fell in 
iricerNstoi, 103. 
jciiy of stones projiwied 



his fragmenteij vritings, 61, 53. 
FhilDsnphysfnatan, first germ, 13. 
Phosphoiacence of the Sea, in the 



lines of physical science, 40; di 
Üacüofl botween the phjaical h 
lory, ud physical dricnplion of t1 
world, 64; physical »cience, ch 
ractemlici of its niodem progjci 

Pindar, S3f. 



bardj, IS», 160 

Flanets, 73 — B4; ptcaent number dig. 

coverad, 71. (See note by Trans. 

74—78 ;) Sir Isaac Newton on ihrir 
ccanposiliDO, 13»; limited ph/sical 
knowlodBO of, 147,1*8; C(ina,19— 
Jfl; Earth, 73—84; Jun '" "" 



Jnpitei 



2,IS7i 



Mar», 70, 76— 7B, 131; 
70, 78—78; Palla», 49. 78; Suiurn, 
70, 7ft— 78; Venus, 75—78, 197; 
Utbiius, 74, 76 — 78; planet» which 
hnie the largeal number of muotia, 
80. 
Plants, geogrephical distribution o^ 
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Plaio, CD the hnnulr bodi«, Ac, s\ ; 
■ ulun, 181; 'iäa 
DO bot qffiD^» 



FBny.th« . 


Idar, hl.N»timlHutMj, 


96: 'm c 


iMtt, BB; Bi-ralitB^ 109. 


110,118; 






1ST. 183; OD eBitbquBkei, 


ai)l. 202; 


on Ibe flume or iaaam. 



Flularch, truth ol 
&lhng btan an 






1 b-Nllei, 122. 



1 lbs nloKit 

tlon or riMIeoric ■ton«, 104, WS ; 
Zodudd light. ISO; theory on ths 
«krth'i tempenturs, lflfi,lB6, 18B. 
FalBTizunon, chraniBtic, remits ol it* 
diKoverjr, S3; experinunli on Iha 
light afcm>>eta,B0,91. 



1,103. 



1 lbs Lis;>u field of 
of at 



ginucil, 17; Bgeitut the study o[ 
tbe «xkct uinJcc», nhj ftllftdous, 
»0,38. 
Prichud. hii pbTucal biiton of Mtq 

iiind. aea. 

PKg<lo.plato, SB. 

^ychrenieter, 340, S4T. 

Fyibogoru, Bnt enplofed tb* irord 

^ingoreu», their gtndy of Ihg hea 
venly bmliei, IT; doctnne on co- 



Qnarltrlj Beiien, utide on Teim- 

trial MagnetiuD, 186. 
Qaetalel, od atrolila, 100; tbeii pe. 



Baces, ttnmui, their gMffrapbical dis- 
tribution, uid uni^, SSO— 369. 
Bain drofn, Um^erMaie oT, 317; mnn 



innnal qwmtitT in Ih* two liiiBJ 
^bsreg, S13. S4S. 
Keicb, iB*BD dflofli^ of Ihe earth, u 
ascsrtaiaed by the lorvoa balance, 
1'63; tsmperatu» of (ha mim in 

Heiicli, OregoTT, Ha * Margarita Fbi- 
losopbiofl.' Bft. 

Itemuut, Abel, Mongolian tradition 
on the lall of an aÜraUle. lOS; scÜTa 
Tolcinoea in Central Asia, at gmt 
diuancee bom the isa, 344. 



Carl, bia ' OeographT in rata- 
to Nature and the HiUary of 
L, 38, U. 



BobertsoD, 
Boclig, Ibei 



e pemauane; of &■ 



menUry roeks, MT. 346, 2fi4, iCt ; ili. 
tranftJbnned, or, metanwrphic rocka, 
348, 2ifi,— 370 ; iiii. t;i>nglonierBlM, 
or rocks of detritus, 370—273; their 
cbangCB from the action oTbeat, 3A0, 
— ' meoa of contact, 349— 

I of preaure and the rk 

iling. 3G9, 3S8. 

e, on the chemica] da- 
_.. , Qf TSriou» »SrolilH, I19j 

on the atrüetuial relations of Tol- 
canic rocka, 238 ; on crystals of fold- 
aparand a^biufonikd in granite, 3dl; 
reUtiona of poflidau in which gra. 
nile occurs, 212—370; cbemic^ 



300; pb( 

2B6; e" 

pidityc 

Boee, Gl 



rarity of elr 
porlhem re 



9 Soulh Pole, 181 1 
of the AntarcOa 
ioa in lB.t9, 180; 
nplosions in bä^ 
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TnuululoT, not« bj, 7; on the in. 

•Kith incRin» of depth, 35 ; wlii 
inliiioTin BDd aiiimalcnUlsi, 36 ; the. 
mil») anal;» of m tSrttil 
40; on ÜH »oant diBcorni 
pjMieli, 74 — 79; obssned the i 
of 1S13, m Nen Bedfcrd, Mbub. 
cbusetls, in biigbt ■uuihiBe,8i* 



Undergrotznd,' 104; on die Aqnira 
Bint«lDofOcr34, lBi7. 186.190, 
194 ; en the slecuioitf of the atUD- 



on the great eartbqunke of Llibon, 

nves jmd fbrflignen bj aftrthqnubea 
in Pern, 313; eutfaqnaku nl Limn, 
2IS; on the gBHom «iinp«md* aT 
■ol^iur.SU; on theLokeof Lwuh, 



fkwclis,aaD; sn tniB Tolcuwa 
diUinguished frdm silsss, 331 ; 
the Tulcano of Fichmcha, SM ; 
the bornilDi Ab JuraUo, i» gesi 
Hiuiite.:<U, 237; gcoenl nile 

Ibe qactioii af fiih rrom the 
cnao ofliubabuni, Ml; on tha b 
uleofVolcHDO, 932; lolirsDiciU 
of Pgnlellari«, 233; on Deuben. 
work 'On VolcsiiDei,-2SJ; ncco 
of the Iiliad of Santorino, 31U 
the aland named Sabrina, 341 ; 



on fnuil honian ra- 
in Qi.i>da1oape, 310; 
i^iallj produoed, 

; diAttibucion 
rS; fbuil fauni or (he Sewdllk 
iU>, 381 ; Ihidineu of coal c 
irei, 384; on tlw ambn pin« 



(cnegta of the BalÜc, 367; eteration 
of msuntaln obdni, 390; the din- 
oltiis of Oven, 391; dapth of the 
atmosphen, 307 ; Tichneu of or^nic 
lite in the ooaan, 3IG; oa filaraenta 
of plants rHombling the Bpenoalmoa 

found in the S^uth ArcDo Ocean, 
3A1, 3S3; on tha diitribntiDD of the 
dona and faimei of the Brilidi Iiles, 
367, 356; »I Iha origin and diBii- 
(ion of Iha British Florii, SSS, 3M. 
Traulatcii]' mntio« of the Siia Bjt- 



pendent on Iheii vi 



brit adrantuea 
[ of natüis.Il,. 



101; phospboresoanoe of tbe sea, 107- 
Tuibudi, Dr., aitraol ttaa hia'Tra. 

•eliinF^m.' Sae Transistor'« wte, 

313, 313. 
Tomar, note ott Sij Isaac Newton, 



üajvenali^ of aniniated Hfe, 3ffl. 

Valz, on the comet of 1018, 61. 

rsi snd oomparative Geography, 48j 
edited by Nsnloii,4g, 

Vegetable world, ss viewed with micn- 
Kopic powen of ri»on, 349, SSO; 
its predominance OTor aDimal life, 
3Ö3. 

Vegetation, its yari^ diatiibation on 
the earth's Hirface. 8—10, 43; rich- 
ness and fertility in the tropics, 13 — 
14; zones of legeuhon on the dscli. 

9B0. See Etna, CoTdillcis3',Hinit. 



Vice, 



Alellile 



of Sflluto, 81. 
meut of l.adal[, 340. 
" altiiitka 



D,gniod.,GoOglt: 



231—347; 



>,B.S, 14, HD, IA3, 310,311. 



ippliü 



I Tola- 



DOM. tmSctJ tbIt» Ibr Ilieir im 
diile Dflghbourbood, 310; Tokanie 
«nptiDin. Ifi3, 30B— 373; mnd toI- 
cuiDe>arHilKi,33f— 334i Omctaof 
volcanic ■cllim on the gurfacd of tfas 
«arth and m«in, 328: ipflncDCe of 

»r BTDpdoDi, 32J— 331; ToIcBDic 
Mono, 331 1 Tolcanie aah«, 331; 
claaüficatioa of TolcanH* into cen- 
tnl and liiKir, 330, 337; tbenrj ot 
the n«a»i^ of their proiimi^ to 
tlis Hl, 343— 34G; geographica! 

344 — 24B; imtamoqihic «ction od 
TDcki, 31S— 318. 
Ttdü.hiianatooiicalinTeidgatiaiaDa 
Ute form of the pelvu, 363. 



Wigoer, BudaTph, DOta an 

ofAIVicB, 3«]. 
Wsller, OD tha destau* o 
iri^, 311. 



I» the farm of the pglni, 8fl3. 
Wehater, Dr., (ef Harraid College, 

U. S.J accDunt of the island named 

Sabiina. See neig hj Tnuulator, 

341. 
«Inda, 331— StS: ^»nM»ll^ 333, S3S; 

tnde »indi, 337, 338; lav of rota. 

lion, impoTlance of ita knowledge. 



nn. 3S0;IhennicH 
il heat, 331. S33. 
1 the limilBlicm e 



iriththa (all of >ha«ÜigBtBn, 114— 
IIS; ohearTBläora of (he Aonm, 
101, IM, ISfi; wood hilla of the 
Sibenan PoUt S«, 384 
Xem^banea. of Colefibon, deacribftl 
«Hueia aa mndning light cleods. 
SS; marine fbaaili found in marUi 
quairiea, 364. 

Yomig, Thonaa, eariieat otaemr of 

the influQiee diflerent Idndi ofnclia 
aof thepvo. 




laTaa.11. 
Zodueol lighl, eoi^tiins a 
gensralaccaantof, 13ft— 134: bcan- 
linil appeann«, 13a, 137: Bittdt- 
acribed In Childier'i BHtHuii« Bt 
coniea, 138, 139; pnbabla CBua, 
130, 131: inlenai? in UDpical tli- 

Zonei, DtTt^otation, on the decliTitiei 
of mountain!, 8 — 11: of l^tnde, 
Ib«r direnified Tegstatioii. 44; of 
the Bouthem heerena, their mBgoi. 
Aeeoee, 09; polar, 193. 



Digniod., Google 



A S&ebct <!tota1ogiu tl 
NEW BOOKS AT KEDÜCED PRICES. 

HENBT G. BOHN, 

TOBK STBEXIF, COTENT QABDEBT, IiOBSON. 



nm ARTS, ABCHITBCTUBa, aCULnORR, PAINTIIfO, HBRALDBT, 
ANTiqUITIBS, TOPOQBAPHT, SPOSTINQ, PUTOnUL AMD HIGHLT 
ILLUSTRATED WOKKS, ETC. BTO. 

\NOLER^ SOUVENIR. Wof. m, «nii«Liiih«ci wia b^wmiJ» «i w wmuu «airiTiM» « 

AmST? SOOK OF FABLES, nnpriini > SrrW or Orw»] *iw«, ihumm by »* 

■fam« ^ » MU JAUI HouBCDn, 01^- PoK trOf formlt (pub. u IL U-), nlinh. 

SARBER-S »LE OF WtQKT. u b* Btal FUtn, mri Hit Hunu'i Oiai«Tou Ma*. 

BEWICirS SELECT FABLES, wnh i HbuIf. m, .u HmU Pgrtnin .f «.^k, ud 

BILUNQTON'S ARCHfTECTURAL DtRECTOR, Ul» u m,ipniT<4 Oidda B Arckb 
ueK DnuktnMO, ttUniU, Bidldn, mM WhiIiihb, u >falck k «UM ■ UlmtT of IM 
AH.ki.uliaiHw«>ARlä«lDn. Bow B4Moib nUifdl. no, )•• nuH, elolk IKUn« 

BOOK OF COSTUME, ma Oo wEHt poilod U Iki pmnt ttaio. Up<nrtiof>MI>HUIM 
■or*'l«l»V«',^lJRn. l>o||»b.uI<.li.).tUliloU.i]U>anh>«'U' IHT 



BOOK OF RAPHAEL'S CARTOONS, BY CATTTRMOLE. ho. >u u ciqiUlt 

Fortnh of RiptaHl. a Tk« oT Huptoa Cowt, ud oavaM mr kMlT iolikod Bio*] Kofm- 
tilooflhoooktonlodCutooBiot bniptoL Court (pikotUfl,), doth, tUt,Tt.M. If«» 



B 
DigniodD, Google 



2 UTALOGCZ OF NKW BOOKS 

3HMKEpON'a PASSES OF THE^ALPSklwJ^Bj^«^ i 

BRnrON S CATHEDML BM. 

|pub.>i3i,u.).Fkik,ii.ij. Uri 

BHVAN's oionoNKHr OF PMjrrtRS and ensravers. n» uw«. or. 

SULWER'S PILGRIMS OF THE ^INE. no. BslxlluM «tbir niriH» Us. to. 
fimviDBi ftOw D«f U RohHb, UAellH. uid FuTli (pob. « L^ LLf. W.),cLo«ta|ij(. lU. 

i^ iy-V,^6™J J?""*?« °^ SIB^iOSHUA REYNOLDS «I 



CARTER'S ANCIENT ARCHITECTURE OF ENOLAND. nmmM kr i«C«h. 
p>il*£>Wn]giW<ie«BpffWiaurn'di.fTii>«n«iBMd iptciBan. BAUM br /eu Bmn- 

CARTER-S ANCIEKT SCULPTURE AND PAINTING NOW REMAININQ 
In EN01AI(l),lhiBtk>EiiH«ir*itol(alktlllln vtUmnVIII. With KlaHilal tmt 

CilHnl linumaaiu, bj DsvDi, OoBai, UiriLCIl. D»«» Tiiuib. ud Buttbb. 

nsrH Ibllii, •»■ III (hi* Bniniliiib muj o' 'kl * u> UmiIIBUt golgu.«, tmi Hiad 

tlliupl>MlMaiMil(ink.>llH.IK).uill>HMia»es>,HH. uw 

CARTars^OOTHIC AHCHITECrVRe, »d Aidt« BiUdlDf^jBSi^ud, witk in 

CATUN'S NORTH AMERICAN INDIANS. > n H. tori. m. M> Bapmitan [pit. u 

U.lU.U.I.ltoU.lKUaillUuUl'lUt.lI. lib. uu 

«ATTERMOLTS CVCNHMS AT HADOON HA'.I. M« 

ftwCi iiiM \i MamU P«im (aritiMUtpiik.m( U.111.M.J, 

CHAMBERLAINE'S IMITATIpNS OF ORAWINJS ünm 1 

OLAUDE'S USER VERITATIS A CoUgctioo or w EoiiHior 



LmdiDui», tmiUtaU l^ii.iM u Wh(, MI^ «I* lu«lr<lv loi 
COESVELrs PICTURE GALLERY. WUkuIolnliicaopbrHu 



OONErS rOREICN CATHEDRALS. HOTELS OE VILLE, TOWN HALL^ 

AND OIÜEM HEMARKAaLB BUlLUIUOa IN »BANcI, HOLLASCvOEHMAjJy; 



CORNWALL, *N ILLUSTRATED ITINERAflY OFi_lKliHb»H»B««luJI>«eTlp- 
ttra Acwium. ImpvfiiU A14, lUvimM bj iia humlTHI BM<«*kfl«f oa awiLu^ W«od, 6 j 
Lahdklls, HvcHCLirm, Jackiox. 1Fji.LUHh GLi, tic lAor dnwlHt h* Cksavick. 
iTwt.tiif.t,btamtHm,t,. m» 

OaniMUta UBlHlMtlr äa iHMDit««1iir nuny >> Biwiu«. 



CORONATION OF «CSOt THI POUnTH.iiTliA annua Kjtuik balvlBat 

COTMAN|S^PULCMRAL BRASSES IN NORPOLK AND SUFfOLK, Hnttas u 

Brufl^m^loBdUlriUuEDluiT,!, I^LhlKpL4UbaiMtoiiödiböraGoo.fllIi4gM, «.to. UM. 
1DaiHaa.lu(ipBp«I,|niptrUl lolto, uj Bonc«. jU( n««Oi U. M. 



PDBLIBHSD OK SOLD BT B. Q. BOHK. 



UUMULt OMiNTAL »CMMtMl AMD AMTIWHTIW. Tha grifMd iHfiinaur 
I«dHpilC>Ml(lllBdawÜ,'<nlLli3. aUpkulklU (^itHluci, «licÜuSruE 
OANIELL'S ORIENTAL SCENERY, I Mln. Ii> >. •m— UK ut HH« ««k. tt M Mb 
nANIELL'S AHIMATED NATUB^^uid» Pw™^MDi|nMjru™ 
DON «UIXOTE, PICTORLAL^^EDIT^. ^J^SJÜ'ü *u».iS".V "'b2^iini"wMd 



COYPT AMD THE ^'"'^Ot.-O^^^^an^OKATVtOIIK^ OH THE 

E-ulu (pillLUlI.lb.M.).U.l>. UM 



In prlDLwl «nnxnt V- 
CMGLEFIELD? WL£ OF WKSHT. tu- H u.» PI««, EwnM I7 Coou, um i o» 

rutxMAN's *'0'*J Ji.5Vta!l'''Ül T^'ouTKÄI'^'BSji"" "* obim«, 

FLAXMAN'S «SCHTLUS, tuhj-iIi Umoit) dBwwhlui Ak. «to^ tdto frei, u 

FIAKMAN-S f^[*^^'^'^''*™ *~">^ CiBiMiaiw Ehil Mtat MB «pik. h 

^ Fluv^'* lUHiulItt CjMdahlasi tttm Bflaar, Xtcbflu, u4 Hfllad, bkn ]w 

FLAXMAN'S ACTS OF MERCY. A Strin oTEUI CoMniMgH. la lb* lunw i( 

JbUa(pBb.ulLk),bilf->>«iB4awv«H, Ih. IHl 

FROKÄABTiJJjiJiMlIIATCO '^j'JjJ'JJJ'JJ*^ O^' jtS^S"*" """'£['"** * 




F KKW BOOKS 



aOODWIN« DOMESTIC ARCH ITECTTJ RE. A S«I« of Kn I>«iiu fi> 
««•L«1(HT CM^H •~' •'k« RiikUBca, » lb> Onclu, luUu, ud OU Ed) 



rAiuoiMFlKHlFab. tt 






'WINDLAV9 (CAPT.) VIEWS IN INDIA. SCENERY, COSTUME, AND ARCHH 

MUj ntoimd FUM, ^llhrr dnlBbad, In ImLHtka or l>rftvliiH: wUh DricrtpüT* iJttm- 
fw. iP.h.ulU.llLliVilHKiuBliiunKn.fmolcH.I'.l^ IB« 

TUt !■ pvtupo lb« Boil •x4iiULl«lj-»Iound Tolonie »riAndBupH arv pcDdand. 

HANSARD'S ILLUSTRATED BOOK OF ARCHERY. Baliwlko ai>iD>liu HUWi >^ 

HARRIS'S OAME AND WILD ANIMAU OF SOlfTXERN AFR ICA. Lui* InipU 
HARRIBV WILD SPORTS OF SOUTHERN AFRICA. iBal. »a. » WuHHUr »- 

HEATH'S CARICATURE SCRAP BOOK, »w 
(ÄS«, fc.,. ««4,^1, 1«. ^ ^ 

tWadii aovknUoillauht Ob^ü ouknul tit 

ui VlkhA«ft I OM Wan ud How Win; NuUcd IH 

... «_,. _Bd Dolbti, «tc; AHflH or bHDoni» lllBitr" — -' ■ 







tWFLAND'S BRnisH ANGLER'S MANUAL: I 
a> An DfAnillu <• Biäüul, aDHlud, WUB. i^ L 
•tlkinUKlpd JUi«irLikn,udTnHitauiuaii *. 
M^AfJlMOfmtf Dti fci i ü tipQ. WhhnpaudlDfl 
fci|>^jjhlit«* I iniinM« Mtrawd w »ml, ft» is 



HOPE« COSTUME OF THE ANCIENTS. tmuBiM l> <9wu«i M m maiiniiir' 

Dnm J nki. njiil iTo, MnSiiaH, >ltb bZAjt MiMIÜBiL FklH, koudi, ndgo« 

HOWARD (FRANK) ON COLOUR, u • Mi.» br Ur, tahcu MipMbn dT tt» E.rk 

''°A!i52^wlttl'"'2lJr''' *■' LECTURES ON PAINTINQ. DoUnrrt « ». KotU 
HOWARD'S (FRANK) SPIRIT OF SHAKSPEARE. U) In <»tllM PUui, utunui'i of^ 

HUMPHREYS (H, NOEL) ART OF ILLUMINATION AND MISSAL PAINTING 



^Mi'in.^^Sri-" OF TUDOR ARCHrTECTURE ADAPTED TO MODERN 
HUNT^^,OESIWSJOR^PAMONAGE-HOUSES, At.M»WlUSES, ETD. B^ 

D..„-;;c:,G00gk"- 



rCBLUBlD OS BOLD BT H. O. BOHH. 9 

HUNTS DES»N9 FOR GATE LODGES, OAMEKECPERS' COTTAatt, ms. 
ijjm] ««I li PIMM Ipm. « U, u. I, ton Mm CM. 111. uH 

ILLUMfNATED SOOK OF CHRISTMAS CAROLS. Kwn«. H XvOi IDoIdilM« 
la □aldudCalgiu^wltkwltUUHlJuiu,ilEu70nHlMM<BtadIi((piA.UU.b^ 

ILLUMINATED BOOK OF NEEDLEWORK, BTMu-Owu,<riaoEbMn If S»4I». 

«k,kTUilCDcnuiilfWlLTmi,C«lülindt-äM,p«tf*ll<a.ll>lH.],lUI>La,lb IHI^ 



ILLUMINATED CALENDAR FOR ieSO. CgpM Mn 1 

ILUJjT« ATE ^^Y FISH EirS TEXT BOOK. AC-i|W»OiM.toU«B€i«.K.o(Tn« 
O iMtuUrU Br^¥l]in DB BIB«]> arUr f »IBEIIVI Iq CeKiFU, VavT«v,' riMLDl^fif tlB, bb 

rTALMN SCHOOL OF DESIGN. CwMii st i» Flu«, lU»!; "P"** ^ '"" 
uttl.'ud gO«. !■ tka r-"T^>TI -'"Tt "•)— T Inpiriid tu (piik. u 1«. IKJ, ki^r » 

MMET (Q. p. RJ BOOK OF THI PASSIONS, tor^ nt, uhuDiUi iria ■• «inii 
ÜM tPOWt, Ma Jbithwi «üstM miw Ib* anptrliiiaitdn» of Cjiuuh Hmatp. N|i 

JAMESON'S BEAUTIES OF THE COURT OF CHARLES THE SECOND. In« 

iBpU m, tl teHUtal PmülB (pak. u U. M.], ototk, U. U. IB 

JOHNSON'S^SPORTSMAN'S CYCLOPEDIA If Ik. Si 

U. I1I.W.), ElMlhUl. 

«"SSMäSIK 8>feb51,5S5fiS%'?S'fcHSS5faSffi,?f 'SS-S 

iBtnlHIlIi od Tnt IbpbM «dl». Flnl enMi «uilUu It baulfi] ul kU» Ihm.. 
iHIIiil Tb w> «f B«MduItäl B^k^fi li IUITt ■••'^ of ■>» ^n «vudnll IllHlbüM 

■Hold ud "—- '-"■1 (nUa, iiialilall» tl »millMMd UaUT-lal m i ll i i Tlawi jtl w it 
diilfcalBatlAicilaliäto.aSiid toCJHMtockllOtdMI wllkD«ii^iaLallir.fraia. 

KNIQHTS JHENRV OALLY) SARACENIC AND NORMAN REMAIN%. TtWtm- 
Vlin, AnUtailaial' iiäU^riunt™ ud EbhIm •! BalÜSn 

KNIQHTS PICTORIAL LONDON, (nk. toaadta tlUekUa4HHnl>.lBp*U(H 
Ulannud 1v ••• TT 1 1 um Im (pik. at tl. li.), ilgO. (til, IL Uk IHmI 



LONDON.-WILKINSONB LONDINA ILLUnHATA ; OK, OU7I 

HuoMtauat tkt CUraadlakarti »f LaaJaa aBdiriHMt«lia^p..lllimirtii. 

Chullahia FoaadttloBi, FaJaen. HaUi, Cavtt, rn oii ak aai PlKtl at w!r A i naaaaafc 
nwai, and Old RaaHa. t »all, laparial «a, HBlidillll »W Cipni plin «ajailaia, iMi 
XIMMulaad PaKilpUn l,«Bc-iii5!(p<ik. (I Ml. la.), tM^tmSmlmi^ti^nnf 



n« iMBi, lu|i pipar, 1 nil. loial IB (pak. it lit m,), alolk. II. It. 
MACQREQORB PROGRESS OF AMERICA ^"O" g^JM. ^f^t^S'^auE 

.'(MMaMICalng 

DyGoogle 



6 CATALOQDE OF mW BOOKS 

MCVRICm PAINTED ILLUSTRATKMM OF ANdElfT AMttAMO AMMMMt. 

Kdh Him».tx!3„V.»jl„>n., m i^ inMU'biiHciM BlÜSäi, «ncHd u« ■■- 
lnn< ItHMtiW bj •*• AalMr kkDMlt •Mi lfe> mhti» i> Uuon mt AaUfiiulu 
Mwl> (Ali«Mi*^T, «i.l, I mlL ■■^»^ *»• lU""nM k, Mn Ibi liTFiua, 



DEsownoM or ancient AfiMs and «ii«*our. i> b. caux- 
ISiü^^'iääS'iwri'üErili*' ^ '"■»»""'•» "^ *ii.(^n-iu.ita.), 

HILLINOErrS ANCIENT UNEOrTTD MONUMCHTS; «»Triih« Ti»»« Brak 
VuB,SUn«.Buu.Bu-It<IMf>,>iidtiluiE>iDiiiii DlUncliiAn. 09 lui* lal bHutUIl 

MOSU' ANTIQUE VASES, CANOELAGflA. LAMf>S, TRIPODS. PATERC, 
Tuiu. 'nnhh HwuDleunu, Sapukhiu Cbuobin, Ciuni; IliSh bicipUali'^^'I'l ; M 
«U« OniBHU» ir* ria*«*, ••«■nJ «J vftlab ua eoiwri, wftfa LMKr-piMi, ^ Bo», wnU 



l.S,X'^ra,'ir.''h"lu 









1UPOLB0N CALLERY; Ik mmtk» >r ai un ud Tk>H ^«tutam», MU n 

NICOLAS« tsm MARinp) Hwrawr or -n«E cwdcrs of m«ufTHooo 

or THE BirrtBH EMPIHEi «lib md Amont ol Iba »«i^t. Cm mJ CIwu irllkh 

km Mm DUniMl ISr Viol ud >Dltur S>rt«^U(Mbir •Ml • HUDrjor DH^irim-gr 

bo* FtoM. Hhn^M In nU ••l cvlnn-^äadhii rilMnnh FoRn^sF OiiHn"'*!^ 




•n, i—W ffiSr M t»!»r1M BaRHbcT 
■ iPMl 1. Ill»» fci AIM Ml lli^ 



OrjlU^-HOMES.^^nwntoKF; 



;,GoogIc 



FUBLISBKD OB SOLD BT H. 8. BO 

ful Cnp« lad G»«l PIkH iaanalii^ h* Cfloca «V 



nMELUS ETCHINGS OF ITALMN MANNERS «tND COaTUIIE,taM^kk 
PRICE (MR UVEOALE) ON THE MCTURESQUE ■- r »in I ■■<■■»■ niiJ» 

Diii L>D"im ^Ä° •H,^°a bHothd w«2f Bwniliiii kfaTöiun £(ün 

PUOIN'S GLOSSARY OF ECCLESIASTICAL ORNAMENT AND COSTUMti 

^aXirä CcLooTL BtrpUar m ChrtAlm Dbliu of [A* MU^ Aw- ILliiKnUd bä bhUv It 
FliiH, •ptoBiUlJr piliud li (Old iBd mkiiin. Boril us, bMf i»nm— ucn, Uf ^<|b (U^ 

WOIN'S ORNAMENTAL TIMBER OABLES, iiliMd B^ lull 1 Bumh ■■ 

Bn^ud i^ MiKiäHdr. lUvil «UN H riuw, ekxt, IL 11. ^m 

ftJOIffS^^EIUMPLES OF OOTHIC ARCHITECTURE. mImM »n Anciai 

rifl^wd DHGTipdra laon-pjtu. lUuJUvud b7 tu Siicnvlsai b7 X^a Ksv^ I tvIi. <b 

*UOIN'S OOTHIC ORNAMENTS. W>MPlU«.4nnsill^k7l-«.ausiHaW 
KhtlTL Hd^^ 4Iq, htUnianrcD, IL ^ UU 

CUOIN'S NEW WORK ON FLORIATED ORNAMENT, Utk M yM^ •rl— <»» 
Miudl.lMiludUnn,nr>< tu, THir-lir^irnf fi rlilfc, t1i> lllf ill? i«iiiMi 

RfTOCH'8_oirruNai to^ sch illeh;?_ _' nowr . with the oraoon," 

REYNOLDS' (SIR JOSHUAl ORAPHIC V 

REYNOLDS' (SIR JOSHUAI UTERARY WORKS. ConrM« Ui DtaBHiM, 
.^Hdinud K<ilUad,>ltbCriiWiMUi» PbuiHj Da PiwHf'i AniiCril^llH, iillt Man 
1* >lilck la irrludT' Hiulr si Iha Aalhor. ant Baauka lUiulnlln tl bla KIMpUa aid 
»actio, h, BlUBiT, Ha> EdlUoii. > toU. bap. m, lU pMKtl lp«k. U lk|,gl 



RADCUFFES NOBLE SCIEI 



•linat, aad Darvau laaniaffa» ibAt It h h atiutHatad p aaW L Iih ta , 
•abaf ai Ua BatiWi lappa, ud nairibila, hi Hit didii Oia (aod 



ROBINSON'S RURAL AHCHrrECTUREj bala. a lariaa ar DaalfH br Oninnlal 
CäWMM. In M Plala», -Wk StHaanaa. FoiiRlf, raadr IzpiiiTad, BdlUoa. Bsyal <to (p.ih. 

ROBINSON-S NEW UHJES OF ORNAMENTAL COTTAGES AND VILLM. 
ROBINSON'S ORNAMENTAL VILLAS, Hnuaa(pal>.alll.U.),kaHHnH>>,>l.li. 
ROBINSON-S FARM BUILDINGS. iaPIUa.|pat.uu.l..),kalfBan«,U.ll..<A 
ROBINSON'S LODGES AND PARK ENTRANCES. <• ruai [pik. ai IL il), kau 
ROBINSONS VILLAOE *,^^'^^^^fL^'°'^ «dllla«, wHk addtHaul Plata, dl 

ROBINSON'S NEW '^"y„v^'}'f,,g|"]^*!;'^ll'^£i.?^'d^H;ri'«hK%y^ "ir^ fw * 

ROYAL VICTORIA GALLERY, ""f*'"* " '■'"'^ oJSi'S'Va'SVaa'I'oSlak 



S OlTll.Oacx OF KBvr book« 

MimNO« ANNAU^F THE COINAOE OF GREAT BRrTAIN ANO m 

•HAKSPEARE PORTFOUO; > Mh gr M Oii>riiicIi.i.<i.nuTiDn, »tai Dul« »,» 
at man nüD>» BrHlib AiUiu, lodidliii en^iti, aioUurd, lUphi^ Ci>»«, WiiUIL 
lui«. LHlk, Bri«, CubDiuj, Cllnl, It, iHiiiUhUr ntn.iil^i^ii3rarult^ 

SHMV AND BRippeNS' ,DESIONI FOR FURN ITUR& wltt Oidil.)« ul bu>b' 
SM KiHi lui* pa« K, larl. «a, Ik> PUUi alHnd |pDk.ug;.«L|, hUil^llllcil, UIn. 
SHAWrS LUTON CHAPEL, IB AnUuetun ui OnMHiU. DIuUMlid Id > Hri« Dl M 
Ufblr Bibtnl Una BwiHlitn, iBpiriiJ »Ho Ipub. u u. li. J, baU uiimii, oh«, u. u>. 

SILVESTRrS UNIVERSAL PALEOORAPHY, 01 T*c-ri>i<nH °f u» TlMnr«^ °',":;7 



lalMliriki lull It; 



m Corp« »Kl sio". moiiilclilr Uh 



u t^ EonKUau Vr «I Pivlnick UiiUoa. 1 






SUrTH'S (C. J.) HISTORICAL^ AND^LjTEBABV CURIOSITIES. 
laulM», KivriTiwi Dt UUIliuuHL IlliAiail«! ud HliHl OtuliHaL^ An 



■POHTSMAN'S REPOSITORYJron^ilD. 1 Bait, sr Uflitr BDlAod Uu Bntrulon 
BUlld'l'T fl comprffknaKv^i^pUoD b; tha AuEh« or Eb*^ Drl&b'noLd SpurU." «to, witk 

tTORER« CATHEDRAL ANTiaUITIES^OF ENOLAND^ANO WALES. 4 toIi. 
srCTHAHD'S MONUMENTAL ""^'^ p";, •JJj^'J, Jf1S7*|,1tj| 'ti',„5;^^3^ 

Si).li.lfi^S!^«!«.. pUPo. irt loTT 00, J M«. m 

STRUTTS SYLVA BRITANNICA ET 5~X)TICA; Dr.Foitr>liioI)^!niiTn»,dlMdn. 

rriihed lor iMl AHIqiillT. Unlliull, m BnUI, oonprlilni H Tirj lirn moil Ui(hlT-( nlili«! 
polBloro'&LchtaiftillilirtdBLIimolpDb. iilBL9'->>bKlf marDccofBti', Eilt*dCHl,4L lOa. 

STRUrrs DRESSES AND HABITS OF THE PEOPLE OF ENGLAND. IVom 



CoaJuiarlDB«bTy(boBi|(fitki twtbu wilb nio 

Bh- F.H.A. RoJ" lU, Tl PUl«."l«b, SI'i. , _r— 

•TUBBS* ANATOMY OF THE HORSE. »aHlu(oCopi>or-piu.Eiitn.lDii. I 

TATTERSALL'S SPORTINa ARCHrTECTURE, MmprMa. tha anul Finn. Iba I 
TAJfLpfl«J1j8TORV Or^THE^FtNE ARTS IN GREAT BRITAIN. I nu. 
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TURNER ANOOIRTlin RIVER SCENERY; Mb, f i«.mij.1 jj^ri^ .. —i. 

WALKER'S ANAUrsIS OF BEAUTY IN WOMAN. rmc^idkriirltlalTlnr «Ik« 

uui^ nkwidhil Filial, •On drninn Bh >ta,kTH.S»Aiifi,kr'tt»uuiLuii 
|pali.alll.I>.),iUltlolh,U.U. IHI 

WALMLE-S (HORACE) ANECOOTEB OF PAINTINO IN ENOLAND, iHl> »• 
AiHiulsrik>ritic^dArU>H,ui CMilontiir BBcnnn, itslun Imi hiii DrnäM 
la SmtltMiL wHk Nsui la Diiuirii i Da« Un&b sAiid ud RnluM, hr Kiua 
WSUDH, Em^ «nplsUta 1 mb. In, vHk aii^irniu tmiiuUiil pmnlu ud^iiiaui, U. ■•. 

WATTS? PSALMS AKO HYMNS, li,i ftniiiit ■duidi, »mpirH, >IU> liMi« U 
"BtthlKUt'^^nrulJii«," ■nd«Thbl«ofScr1pui»«, ttrt. prlnUd tn ■ Tan l«r*p iui4 Ivaqtt.- 
hi ln>,miMIit*d >llh H bHDIUU Wiad Cu> br MuUi, WuuU, ud «Mn (pik. M 

WKISTON« JOSEPHUS, ILLUSTRATED EDITION, «n^M; «anliKv k^ D« 

bMÖralWHd KainTlii^,bTTUI«uAjtUU(pa^ul^4h),«]lilkbdi.,«l«futl;flllil«L 

WHITTOCK'S DECORATIVE PAINTER« AND GLAZIER'S OUtPE-iwHM^ft« 
■HlinändBKhi>di>IMWlv<niTU>dolfue7«iiadudHiibla,liaiaiStH«« 
Colnr, Pctfni fur TkKontliw AiMTtmHlh ud Iki Art «r llulaiuud PilDtburaa Olüfc 
l^Ui, af .hicli A in cr>]oi,r.d, (pgh. il II. Tw.) cMk. U. Hl 

WHITTOCK'S MINIATURE PAINTER'S MANUAL VnlK^ »&, T o>l«nl rlUai, 

WICHTWICK'S PALACE OF ARCHITECTURgaBrauKxrArtud HWlM. tBf^ 

WILD'S ARCHITECTURAL CRANDEUR of B4i™t Oonnur. ul ri»». u ta* 

WILD'S FOREION CATHEDRALS, 11 FliUI, cslMnt lad Boaatad Ukt Diaatan la ■ 

WILLIAMS- VIEWS IN OREECE, >lb»i»lM L!Hlaaia.lai>l>TK'i,l.amHni>>in«, 
udsUwi. l>alLlm|>iilalm(rab, HUb.), ball boniia mac. uui, tl» •<■>", >I- !>>.•>£ 

WINDSOR CASTLE AND ITS ENVIRONS, INCLUDING ETON, <?,^^ 
Saijaidäct aa Su«] aad Wood, kjaI tro,. |UL ploUi,' lb. 

WOOD'S ARCHITECTURAL ANTIQUITIES AND RUINS OF PALMYRA AND 
AALBBC inalL Id I, bqpvrli] ntUD. fnaulnlu la tot Capwr-plnlfl Sairmirlafa, aaaa 
WTlartawirDldlBi (rak. illl. )i.), bdrmancS, aacal, U. üiu. lO) 



ANDREWS' nOUHES OF HEl 



ColS'ind riiunaiirFluu (pub. al U.U.), ilalb, IL Ifc IHi 

BAUER AND HOOKERS ILLUSTRATIONS OF l^E QENERA OF FERNS, 

in -hlrb iba cbatacun sf nn. OaDui aia dbpUiad la Iha awl eUluia» ■iinnti. la ■ HHai 

iriniiniaidDlbRclloaaandFlcnrai, U(bl} Balibid la Cvkara. liap.lia, FlalB,«. muM 

B EEC HEY. — BOTANY OF CAPTAIN BEECHETS VOYAGE, eampH.l« u 
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•ogoji» NATuRAi. jwrogr OF Bnrn»H sonq birds, in««* >m 

«•h Hi«! »Id Bn^nd. Finnlu Pluu. Bhnilu, Ttm, ac kb )(<• Bdhlim, nrtiai 

"BK*!/"""^'».« m}"^^ journal or HORTICULTWIE. 4iib.*», n 
HQWtn ILLUSTRATIONS OF THE LAND AND FRESH WATER SHELLS ' 

OF OUU' BBITAlK AND laSL&MDl nHi Finn- * '— ~" ' — "- ' -" 

IblSpvcHi. lütnl ■**, HMjlLnlBf H f7 luf' "' ' 
Spffd*^ IB tbtir tmU aln, Hmmlalr dnvB frfl 
eUniB'S FLORA LONDINENaiSl I 

fnm In Dioi BiUaU, >Mt lail«i>i uia DrUSaS wiiSl'ii'S' 
dHdaih Flui, Jik w^lid Dfictlfu atSTFim ir hi 
DtNNY^MONO 

DON^QENERAL SYSTEM OF GARDENIMG AND BOTANY. 1 nlni, n»] ^ 

DOM'S HORTUS CANTABftlOIENSIS; <MHHBiliIdltlaa,>>«(fak.i>ll.li.),cWli, u. 

DONOVAN'S NATURAL.« (STORY OF THE INSECTS OF INDIA. «oUifKL te 
J. O. WiarwiHiD, Eaq., V.LJ., ixa, »nh H sliia. cnnulnlDf npmtfi tl IN utuMufr 



DONOVAN'S WORKS ON MmSH NATURAL HtSTORV. TIl-i« 

^^Irdi, ie nil.— SheUi, 1 vali.— FIbImi. s voIl— OiudnpAda, 1 tdil— tK*tt>h «> 'vw. ««■. 

< m»1 b I i< nmiiiniiifihi Hi i i iiiiiii (■■> 11 wri ni i hmiiii. ni iTi "ntumtwattt 

MtSbTCw« la n (nV 11 7U lb). kilriiHB wmno «In, ■« idf«, ll» >w*>i Ml. 

DOYLE'S CYCLOPEDIA OF PRACTtCAL HUSBANDRY, ul Bnri AWn ta 

DRURY'S ILLUSTRATIONS OF FOREION ENTOMOLOOYl -»müiK. «JHWij* 

kflcal BdcIkt, kc. > TDl'i, lU, IH Fui«. iniin IniiitUiiii]' loMiind. imWdIv ibon M 

EVELYN'S SYLVA AND TERRA. » otawnt or ift.c« 'n«.^ u4 a» PnM>u«k« •( 

Unta«, iPtlloKKibtBllDlKDniHlItMBna: >Ht UK arth A«kac, ud HoUa (i Dr. A. 
Hum, 1 ISU. I<ir>I *»- nU InpnlMd EiUUoil,wIIl U FiU»lpllli.MU.Ia.).clKh, 11. 

FrmOYAND DARWIN.— ZOOtOQY Of THE VOYAGE IN IKE BEAOLt 

OR EVILLTS CRYProCAMIC FLORA, «»«MDf Oa PtIkM ipM« b«d <■ On^ 

MlkHMIfcIlrBi><iiindPlBlai(p«l>.^Ülilu<.|TkalrB«wii,U.>>. IBM 

TUB. Ikmmk • evnl«* Wut In lual( bm » bIbs« kdlBrBBBBblB InpliinBBl u UiB 

ftlnr^b VoIbIBBI nTBffWBTfcj^B BBfttB* ^?^'f' ^"Bfc |ImB B B* BWnMj hBBaCl luBlUBBI^ 

HARDWICKE AND ORA-TS INDIAN ZOOLOOY. TWMr f>i>b, »nb« t« nk, 
imlkHBiMniHndrliMa (pull. K »!.)• •■»', U>- U^ gr Uf HnBa^ •D' MfBB, 

HARRIS'S AURELIAN: OR ENCUSH MOTH^ VP S^TTM^^FV ""T 
UHlBB.bJ. a WuT«oi»,£w.,r.L.K.,*t.,lli I nL k. Mkt, «ttk w piBIBh coiiulBlBa 
■M^HbLi BBlaaiaa^Nj*» «BttbalJiaalBiB, ha B >Ba a d laiBBBtB, tl. <b. UW 
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JOHNSON'S OARDEMER, «nrlm L> I> tsIi. via «unw nodnta. nnUb^ (ha 

(«•Dl..-lc««ärU~U. lhn..»JniU(i-il>.uunili.),ol«k,llL ^^HÜS 

•Uw Dia« ntiBH BI7 «• kt4 ilf umm r (Tik. Ilk. M.), u U. 

JOHNSON« pICnONMY OF MODERN QARDEWIWO, WmtiMt,^BT 

LATHAM-S OENCRAL HlSTORy OF BIRDS. Bikf at N«l Hlwtr ui DHih. 
■■M jt»]! tt« ■ M»(«*m lWrltMiMil lilai« lii tMwi « jMollnitT lUtinUiB, wK 



l^aAt "11. 1» W, «o. «M» aroudisf w _ . 



"" *J«?t'li.SLu"^l«""l^'"^ MEW sow™ WAL^ 
UNPI^g^BRrriSH^raunj; URj^l-^ODRBS^AKD^DElCmimilira OF TBB NOW 

UNOUW DHIITAUUM MONOORAPHIA. MM, M pMh x tki MMlm IfMk ■ 

lAUDON-S (MRS.) ENTERTAINtNO NATURAUST, lok« Fop^lu DmAHh^ 
tAa.*»^ AHCdcua W nor* ibu Tin HuBdnd Inlmili, compntiälni mU Uia OudnML 

?r!«i^ wmwu, IM «ton. Mn iEi3S T wIh«. «>u>iA "^ M nA P TS 



LOUDON'S (J. CJ ARBORETUM ET FRUTICETUM BRrTANNIOUM, ■ M 
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HANTCLL-S (DR.) NEW OEOLOGICAL WORK. TTtK 1IBDAI^._ 

«nIOBi to Ihi III! or Btanpor, fiiWilgn, Lovoo, nifol* Tomt, bbmsoJ FgtviL, Fnirlif- 
'«o, I>lmiU>, CeIik, BaUu^riloircUnw J^ääC ClIeB a|iL ><■ Bj Oipm ALSU- 
'.■« HiniU, IM., LL.D., P.llS^ »i. ¥nnue» TolL^DOlinp no, wHk Hi»»* 
Vl««,u«HnnUkilS4lMbH«UglWHlcaUo(ro«UBiulH,ilotktfKll.U. IM4 

HANTELL'S WONDERS OF GEOLOOV, oi > VbdIUk BqadUoa if 0<ol«lnl Pte- 
■pvud.ifisg'itnidnli.iiltciDlh, lb. ^1M> 

. «CURSION ROUND THE ISLE OF Wj^JT, 




■■Tbtmdtic ■■tim OniaoiofT pntiiihtil ta au «nutrriU'O •>»• foBriUo)! Birda 
ttilAiduMB'lUIDrlboMnUorABKfai. E'lir Oiuri, iirnttas lumr) Itwlatuataast 
«BnHl«LHHUidhliotlk*nilluHnliiio,k»iitinillr>wI>«um*l]rlnwi.otlli lU tko 
^ktt 0Cat».'^-0iTlHi»lyW» Tal Jwt. 
*D4 » thli o[ Hr. lolkrT Illi.wliliiHitiIoiiliC.Ui moil iplrndU of Un llnil on pubiub^ 

tB firitHJI. Hid «111 tiwA QDawmtODp VltfaDul OofT uUpH of lU Lutn, Vlth thi aiOOl Bl«Bt 
Attnl DrnltbDlofkAl llluitntlaul uT tbo TlOKh Kbool. Hi. Sllbjr kH LCÜC uä dHHTOdlr 

SELBVS ILLUSTRATIONS OF BRITISH ORNITHOLOOY. 1 tiAl tn. «hmI 



u*l of tM» wdA on DO« TMdx bv doUvciT. ojy Ew ty eoplu tf tt« 

SLBTHOHP'S FLORC BRCCJE pnODROMUS. St« 

qua In rndiKlli ut iHiAS Onela ^noH lua. ■im 

aOWERB^ MANUAL OF COf4CHOLOaV.^C<>UtelEiicoiD|JHoI«»l<i«lo<utk« 

i^Ot OniTiipIilnl Di Onlgtell iMrlkiilin o[ «cb ; Toknlu vIm of ibt Iiitoiu of 
•nu^ ind hrproTxI. >Hi 'iiiiH«DO WaoloiiU b IlM uat, B« IMaddnl,!«!, cihCuST 



SOWERBVS CONCHOLOGICAL ILLUSTRATIONS; OH, COLOFIBD : 
or ALT. THB niTHEH.IO UHnOUltEII SHSIXB, complnb HaSklllLni 
Ih hkiiI Iboiuud FWu«, In pull, kJI bKiilUiiUj (olonTd (psb. u ul.), II. u> 

SPRV'S BRITISH COLEOTTERA DEUNEATED; cmHUiin nr 
^•11 U> Omn *f Bi?tM »WIIH, Mlüd bi «huci Ad. (TO, ^U H 
a^um of BoailM^bwiltftilr •°'5°" ueDnwIr dnn tpDb. il u. b, 

STEPHENS' BRITISH ENTOMOLOGY, u nU. tn, m oiloind riuoi (pat. «nLU 

* '.oogic 
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initallaiuotit ffinsllsii lUttiawn, 



"!!Sl2K.ffi™^';".Jffi..™™iKEÄ.^1l.^.■s■■"K.s'■ 
ssS'sS'!: .„ ._'j w»,.. .,..«» 1^ 

BOswEU's ure or or. ■MH»«ON^^BY^THE_|RIQHT_HON_j_ j^._c^cbomjj, 

BOURBIENNES MEMOES OF NAPOLMN^™^ SrF.'iXÄMSlSJKÄ 



14 oATALoam or mv books 

BfllUt CiwHIliiiliiD !• pntfOD DtU< i«ull>c mtl, Irs. EloO, B. 

BHOUGHAM-S ILOfW) WSTORIML SKETCHES OF VTATCtMCN. •« <> 

S (LORD) UVES OF MEN OF LTTTERS AMD SCIENCE. 1 



x^lr ThanM Bi*«M» IM MBiMnp M M / of JvrmT f^ofi BVHn, Bii»D, B«rdvm nBd 
Rahrn HuruiT, li DrKlauMadIr nifl Df lAi noA ttaqntDt ■iulpo<(lC4L ar tfaiUBTuL liLarur an. 

BUCKINGHAM'S AMERICA ; HISTORICAL, STATISTICAL, AND DESCRIPTIVE, 

I tdIl; Cvntihu NB«! ««idk, Me* TmHthk. mat Om^dOm AtWlh Frflvlix«* iü Horlh 
Aktrlcft, I TDl. Tdfl«h«ttlouLvoi*.|ird,«uiHV1U Au EbceatIdi« (pbb. » U IBh UO, 



« lit 111, bliUrtoUr ml IH- 



BURKE'S (EOMUNDJWOflKS. wHI>iBU|>.,Ak>l>BdCHilaaU<nd>ctk>>lTanHL 
' HERALDRT; OR. GENERAL armoury' 



kM Onjih Iv 11» Cotän or jCnü. Whb u [btfoiliKtJdft u BsnldF*. ud a DtcDoDbT of 
Km. TkH UIUuh^iHk • SonlnntBt. Oh nir luft tdI. IuvifUI tn, buuUliUr. 
RüSäptK*, iW^iimmIuM ■■vBU'iä Hioni iBs ^rssina <r<t. « u.»), Dioikr 

n» «M «WivM* nl iwlU W«k III IM kM n* nUbk*«. U bhUIm gpradi g( 
tMHiniartU karfuud Uonoii«« Ul Hill U>* kOimii bnn ^Km bj QuAnK. M. 

ten Bflw appvand !■ wr pimBuawork. Thli »)■(■«, b bet, la i ^uJI Hwpui, tat 
'BURNV WORKS, WITH LIFE BY ALLAN CUNNINQHAM AND NOTU BY 

■» WALTEA BCOTT, CAWAlL, WORDIWOBTn, LOCKBAKf, IH. Bci]>U no, 
iav ISiTUiili vhI PL«l4« (pob. u lli.|, elDlb, iiatfif wRL Bjriavi, lb, OiL Uu 

nil la po^viLir lb* «{v coHplala *dltt««rBunu,lni j|BBl«ifQhiB4,tn- Ti laha 

—a M IT w pj « CFf whl^ Bum «var «f*^ vhclhar pnaa or tana, bnl alafl m soaaUaAUa 

IMVn aid OMaan an THT«i|4iiii>. TIh Mola bm ilUck tIeiutlTpHBHdiiilBa, 
VUDdlDc IB all U »a paaaa. Tbc alliar aillttaia. lHlia4U( aaa inbHAa« la itiiliar «an 
«Hb aa mhrhUBaDi Bf Eba LUa bj Allan Cumdpfbam, floaipriaad ta uIt 47 pafaa, aad ha 
>kala»la>na.n.lIlMpa(aa.da>MioaIala.ta..I.;.|blJao(Ibaaba4. '^^ 

CAMPBELL'S LIFE AND TIMES OFPETHAHCH. £J*S^;^' 
CARVS EARLY FRENCH POETS, a tori» 
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CHATTERTQN-S WORKS, boUi Fnu iM PHtaL ihIMIm u> LMUn : >lik HoUmi 
•(bli LL». rtlnoij or Uw >o>}ar Co«iii»r>i, ud Iran Cmu ai^ Iip(ui«tun. J«!»! 

^laTllll.|)niLulH.jlilolb.fi, Lu(a Fipu, I lau. onD In Ipak. ii 11. u,).MU, 
worth, Klili» Wlrll*. KoamoaKrj, Sfaallay, Cpltrk^ ud KHttf b'tÖM ; hawt «MTAfrid 

•l>*J}«'Sjj(M.^|.j).) TOlvel» in^anious couHmiEs of Europe, 

Classic tales, e »»iH ejium. cMprMn, a« ticum w.t<a<u. uiuMh-puiud 

Vlnrlnb. OtUWr^ Tnnli. SurH'i a gnamw« ! JiniMr. Bsron «V WHUrrft^oAMoi 

MJUli.b.uUb.M.I.'äoU.»!^ ""^ ' Urn*, 7 ~Jr '""»«■ 

eoUJArrS (QEOROEJ POETICAt, WORKS, udUi^ Ui BnU otIju. VKui», ud 

COOPER-S <J. F.) HISTORY OF THE NAVY OF THE UNITED STATES OF 



COPLErs (FORMERLY MRS. HEWLETT) HISTORY OF SLAVERY AND r 

ClwkMD (pub. a(U.),fflDth,b.U. J 

COSTELLO'S SPECIMENS OF THE EARLY FRENCH POETRY, 



Piu«i, iplanjldif UMnlHHd la 
COWPERS COMPLETE WOflKS, EDITED BY SOUTHEY; ampmiD( kli F«^ 

IwDllHn ID Ui •«ll, H>nr ol Ibtn m Kill •ulniolr «prAfM, tai milU'I'lT 
CRAWFURD'S (J.) EMBASSY TO SIAM AND COCHIN-CHmA. > •»■. m, 
CRAWFURDS EMBASSY TO AVA, -M «n Amiiflm » F™il ■«u4p> b« f i lill. r 



DAVIS'S SKETCHES OF CHINA, THiiluu iilud J«nar «r T«r Hgi 
DIBDIN'S eiBUOMANIA: OR BOOK-MADNESS, A BibiMfnpbioi: a 



OIBDIN^ ^(CHA^RLES) SONOS, 
DOMESTIC COOKERY, <•: 







16 CATAioatTx or 

U4QUSH CAUSES CELEBRES, OB. 

FENN-S PASTON LETTERS, OcWhi lwri <d Om Im» fh 

iVa/kow/ta I, Hu« Mm irrt, u iKiTdMk lut, M, a« 

■■um. nn>< iMldl, ■■ Um HIlT »tH, ^ «UH, IM. 
TM>»(lHl («ktaB^ tut •«> «rfa« ui uSmU>( »rlB >r tu 



HBI !■ u ft pnchM* lEftk fai Iha chilDDr Lb* muni lilitmy nl EDglud, akicb ÜWf 1 
Ihk partdd lupplr. TWf Kind IndOHd alD(l5 (n RiuopB."— JVaUDt 
FICLDIMG'S WORKS, EDtTED BY ROSCOE, complete IM ONE vol 

"Of •!]& >oAj iiTlmifluUia u wlild EnflU pilBi ku fiiu oiUIn, ik> »rt 

'!%';;!SiiSK:?ffiKLis;s!5^ÄiSi^'''^ '"""'■-^^^ 

FOSTER'S ESUVS ON DEtilSIOM OF CHARACTER; •>• Hu'i wmbi n 
(Muti. >iu^in,Elclil«ilkUlUi>ii|pik.iitLl,<iliilk,u. 

FOSTER'S ESSAY. ON THE EVILS Or POPULAR IGNORANCE. Knl 



HIOgsAfr^ CHRONICLES^ F^NOLANI^ FRANCE. AND SPAIN. Le. V 
FROISSART, ILLUMINATED ILLUSTRATIONS OF, K put«, cdiMd to «M u 



OASErrlOi-rHEW edinrurch universal gazetteer, and osoou- 

■Mxnmwlu Ik. mum Umi,tfji>Hi Tho»» (eSjuc er U» t/u.«! JII_,k«.|, 
.1BilU£km(II4lpataa).llip>(|nik.itui.)|alotk. la, 

OEU.« ttIR WILUAM) TOPOORAPHV OF ROME AND ITS VICINrtY. Aa 

^pnmi UMon, MaplH>^ 1 n1. In, rUk Hnnl Piili^ clnlb, lli. Wlh • hit bun 

HfMdcd la a UH u M IS fun > nlim. ToiHkirVT^ KD, ckilti.?'-'^ U« 

""t ut, m tam t Bmnlal or aniUaul IIUtut uvIIoii. dnnlnl id ■ •hUki dT tthi Imam. 
«■■,Hdau4ar,»t0DlytaHaijK»>lu,_fcDtIaaTaiiii«Uriiriiil>iain« u vk« A« 

0ILUES'(DR.) HISTORICAL COLLECTIONS. RiliUnf u RamukaXI. f.i(o<i af lk> 
OLEICS MEMOIRS or WARREN HASTINCS, DiR O. 



OPETHE-S^FAUST^^PARTTHE SECOND, - conplaud la IBl, uiduad Una S«UU 

SOLDSMITH'S WORKS, >ltli a LUi lU Naln. ( lal.. K.p. hi^ .Rk nVniad nUai and 
tl«?!»- """*" «ti»aB*M. .. and alaiui (psb. al U.), a>« 

OORDONB HISTORY OF THE GREEK REVOLUTION, in« o( Dia Wi» lol CaB- 
TiiAbb_»tt- Bt Ua lata Tboiiu daamH, Oaaani or a EiErUaa af IkraMh^krHv 
•mi4 AMth > Ml It« Mlfa a>< Ilw f ,bk a> lb U..), d«M«> M.^ IMI 

DigniodD, Google 
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GORTON'S BIOORAPHtCAL DICTIONARY, > lUd i<4i. (.>, di* MUnd (pti. M 

ORANVILLES (DR.) SPAS OF ENGLAND ■xl FrtKlpit I« BiOikf Pluti. ■ ti^ 
ps« »0, nIiL luia lliii, at of «idi lUH tninlini WwOcUi (pik U U. ul), cIiHk, Uk 

QRANVILLE'S (DR.) SPAS OF QERMANY, n, «tt M WouMi lad K>?> Ipok. ■> 

HALL'S (CAPTAIN BASIÜ PATCHWORK, «bMh or Trir.:., u<i AdTnum tu 
B'lutilud, IB^Ti Fiu«, Skill, Hiilu, kc I T^ Oma, »■■■■< EdtUiM, eknli. illl (pak.M 

UEEREN«(PROrE350R) HICTORICAL WORKS, Innilurf itgn Dt Onmu, itej- 

• i' VwaJeöivMfEdilkii^irilXIiiHnlJiulijn.' ' ' 

vUiik Bodtn Ghhuj bH wiEhad Ui UUntun Af Eaiap*."'-<}urürlt AmWio. 
HEERENJI HhrrORICAL RESCARCHEB INTO THE POLITICS, INTERCOURSE, 

AND nUDES OF f gS AMCIBHT KATIOHI OF AFRICA : iKIndlnf U» Oltlllllnlui; 
IlklopUiii, ud EulilUiiL Nnr BdlUi». eomeud Ihniiiita[>iil, >IUi u Imtti, Ufid ika 
Aollmr, nn «pinr>dliH, ud ULh Addtttau. Cnapliu 111 1 luL I», ch>U, III. UM 

HEEREN'S HI^ORICAL RUEARCHES^INTO^THE POLTTICS; INTERCOU^g 

*ali.a«i,al*nqL1r priDIBd(pab.4TlBlnftllr KlU.b-1, clou, IL 4i. UM 

"O» of rbe mail TBlDabl* uqokUJbU nid« u tur kUtivi«! aUrii« «bca (lie diy» df 

HEEREN'S MANUAL OF THE ""^S''^]^,££J^^ '^'^S^hÄST^** ^^ 
HSEREN'S ANCIENT GREECE, t 



HEEREN'S MANUAL OF ANCIENT HISTORY. pHllciltrir wt 
nilui, U> Cimmn». ud lb> CDloiilei Df Ihi BUU< It AUIiidlr. ' 



INTO THE PRODUCTION AND ( 

lALa, ■•Dll.>>g{plik.llU.li.|,cklUl, IIL 

JAENISCKS CHESS PRECEPTOR; >s»A>i^t>U uriluipdibfadrauni oudiKd, 

.OHNSON« (DR.) ENQUSH DICTIONARY. prfnUd nrtaUs boa U» AnIIWi iHt 
rUbiKdlttH. WianDOMEumphilnrall, To »hka ■» yi»Bx*d t HUto^ pf th» Lwi- 

lOHNSON'SWI-) UFE^^WORK&hTHnpHT. N.. ud ImpioTtd Ediiln, «— 

'«HINSONIANA; • CmMM »r iiik>iu~i>iu Ai..cdi.t» i»! Wrbm, »Umd hi 
Wi£iddU«glFdMIcut«u,udiii>l«>itatatdta Bi>iiill,I,™Uh •FidIuiidi.. 

#. w.ciiKu,H.r.ik]itta9,n»Hi ■-■' 



,■,.', .'"„",'„'. vr^.-v'^^ OT^föiJ^S^^^ 



'i y''*** ^ 



ii »»«]• n«. «> . .1 



iä'i"-?:.^ 



■%^'tLiP^ i.-vt-hr^nmi y wr^t «v 
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"Br. »iiS">iri 'iMiAt IMkt 
WILLS ELEMIEr<T8J>F^POLrrrCÄL eCOITOMY, «i. w»». »*- — — -JJ, 

*l^£^tL£M^lk> «w— •UHbH ud a. II.II1 ChroKton, Im «U 
.rtirtlTi^rtwil«!«. Hi. fcM^mU-fcl, B. •■kX^M U IM •k>*> rf H*-. « » »t » 

MCwi?irrowA, «Tri« «AfPT bepubuo. «JJf^rffiaiirRSiJiT^ 

Bol«,l^j"At»f-JoH'.'"^ »fO(pBli.«*,J,«M*/*ftfc^— wH* OH Lilt »r Bit ThVA 

NELSON'S LETTERS AND DISPATCH». »T * h^m« *■»«, I nl^Mj^ 
(»tf OBO ENOLMH PRIZE HBAYJ « WKU., i.»^« *-"" --^ • -^ -"■ 
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johns'ton^thavels in southern lg]f?*'J|'*'u*i;;?«JÄ S!m7 " *S!l 
Kmar-s wonderful museum. • ^^ •», iv*«» t m »*»> um ■ -« 

nu> (p«b. UU. ••.h iMk. II. U. 

NNIOKTS JOURNCf-BOOKS OF ENOLAND. BERKEaiII2,iDi1M^^WI Dwa» ; 

Kip. BatuBauiti. 

HrriE.lDclodbwil»! 

'. mill U Engl» ioti u 

KNOWLES'S 




LEAKE'S (COl.) TRAVELS m T 

Ä:.-siÄ:r.sri- 

LTMS« (MONK) UFE AND CORRESPONDENCE. >nk »it ri» ta »im ai 

LWTER« UFE OF EDWARD FIRST EARL OF CLARENDON- WM Oitohd 
«*imi»»l—n u4 AHkHUi npof, Hm Ubn »an^iä. * hIk no, tKBdl (pA.M 

LOCKHARTs MISTORV of THE CONQUEST OF MEX.ICO AND NEW SPAIN, 

^^Un> KBMOIM or THS COHaUISTTSoR, BKHNAL D[AE DEL CAlTILlÄ: 

WHH» kr UmoIL ud an BM coBr>«>Il IWMhHJ Inn O» iilflHal IpHlik. ■ nil. 

Ith Jpuh, «LRli.t, EtoUi, 111. _ 

gWDl Iil'lli. »lib nek l«n■£^<IM^ H 



MA^R^OR'S PROaRESS OF AMERICA FROM 

TOLimiVS, H ^i^jrnr IM, omfUr» M UM«T ■>< 

MALCOLM'S MEMOIR 




DyGoogle 



pmiLISHXD OR SOLD BT H 
MARTWS (UONTOOMERVl CHINA, puiiIhI. Ce 
MAXWEU.*» UTE OF THE tWKI OF WELUNVTON. 



pnlilluIlonaDribidn. ■ ■ ■ . «• pmuaiin H f>« k«a muq iM banhut, iKdntl 
•nd nultrlT. . ,. . nt ITM •«■ mHlmitsit t itltra m * ' I" . tb> plui af 

MILL'S ELEMENTS OF POLITTCAL ebONOMT, »• UMM, rnkK m «™«J^ 
MILTON'S WORKS. BOTH raOSt AND POCnCAU wM u Tiitia«i««r Mrrtn 

MrTTOROS HlffTOffV OF GREECE. SY LOjn REDESDALE, <ta cmuhn «iw 

»nal Uli UMund >Ub OMaa'i M^ H'UniM, br Kua, (C>itill-i IK ud »Kk lb bHt 

!■ I^^W <• Ml üSv^mä^dMllK IH of IIa KB •^Ha «ftMB* <r IM inHM 
^iMrEiMlJMi nMakOiäl-»! ka*v~t ««nakiH ^h. to ■ k»i *MkM Urn 
«MM ntoa wiki waA." 

ilS^ I» alMnd tkMVH 




Vol BtH » A1V WT pnn 
h» ai i p w iJ alBCfl w* d^ 

itonmttsn cmbonwles or_tfjaLAi« * 

JsHliu, ink Maui, ul nini«! ol IM Wmia«! (lalAn. f_- 

nnlln, elMk MHni Ifrt. a II. Ib.), ILM 

S (THOMAS) EPICUnEAM, A TALE;_AMD ALCIPHHOM A POEM. 

?..; . .•...^. _. .^ .1 ..».■■. 1 — 'Jilt. M UJM.}. «l°Ui.,ii., 




OSMANS^I 

OUHLirs (SIR «Uk^AM) TRAVELS IN VAIIKIUS COUNTRIES OF THC 

OXFORD ENOUSH PR^E^ ESSAYS, •» Bdltli^ kn^ «m t* im, I •«•. am 

PARRY'S CAMBRIAN PLUTARCH, «wridai MMh. <>r «» «< tti bm Mu« 

nncv9 RELnuEs of ancient enqusn pocmv, ■■■!■■■« ^ on hmb« 

-Wm\]jilmmi 7W« ■»* FiihH-fIi», !■> »nraimw ipaK Jii.. r tiwn, «n, r 

■■ BulSm« III, I th« DiU >tottill» mmlMM wlU Blrttf Pirtj'i ' JUlüi»! 
*«j.* TM »wi II». to», I »Ml* MM «ft; iMimti MKrai«, I »jaffl mn 
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"t^Ä "" 



PRIOR'S UFEpf OUyEBpOU>«!lmj,(tm.n*i7ororitiMJBB=n«,>"i^*™. 
_.^JjJ iTi MM««» I iiri nillill ^ Ui pHHoTMiMi li Lmdan. ujl Hlidrnu U 

»5S'iS"SSs^^)^jä5SS'ÄSs 

IIICH» BABVUfHANO PETOEPOLÄ ^K«~*~-. J™^ 

Rrrsws VAmo^^ »jcwK|^p_MrrRicAt^ SPHUfSSt, ^.^'■-Jäi^ 

unk.r<>nni(pik.uw.li.w.),tMkiiiw>i.ti. Air-» 



umtTUXl,H'li>I«iU«ud; utUeIiui pnlud In 

Lin AND LKTTXU OT JOSEPH BITBOIl. I«. adlM tnw DcVoill b lk> 
M «(bk Hipkn. hj ui Hiiui Mimi.»!, ) lot. '»■■ 

M FtolnW EdlUiHi, iHliUUDr Ui Fonkv Al'nm«. »Ul 

,, III, «IttB «( Wrartlm or tnURiluual, ta (b> EeiHiIi lu 

naf* wliick h » fcywi m ow puar^ iMd, or noi« daumdlr adnlrtd, (luK Um LU9 ui 

itODNErS (LORD) UFi, *l Utt-Om. HinT, Kn SJMn, Inp. od, FutnU, cIoU 

(pah. •!••.), fa. U. 
«Ot-UKg AWCIENT HICTOHYiaMw-J «vM< E<M«^«th •■gn«« m>W 






UlMiu. 1 iWa. *™i to I «oil UndiM» »oL cml wo (pab. ml. ii. ), tloUi. IK. UH 
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pt7BLIBHU> OK SOLD BT B. O. BOHir. 

SCOTTS (SIR WALTTj POETICAL WORKS. CuuUdH t« or U» Uu HtaUi«!, 
Mml», UiJ of It« Lmko. l>w Bodtrli, Rokol^, ■•llidi, tjikt, ud Boui, wKt NsHi 
«Ml (L Lw of Ifao A«a»T, conpkto Jb oh «jofutlr pikalod nL IB», f onrmfl ud rnolla- 

SHAKESPEARE'S PLAYS AND POEMS. Tixpi^i c*u»l IMocW Edli]om|^>11k u^ 

UTlbo turn AoHfiirto^KHtoiI-nn »ib. >i u. Ih.l, elolti. iJibl) illl, IL b. IM 

SHAKSPEARE'S PLAYS AND POEMS, ta 1 'oL Co. la Jtipinwr Hot«, ud ■ 



.SHERIDAtrS [THE R1QHT HON. 

- -Wluunr gbortrto » Ui 4iiu. ku 
i4 a> ta(mUiH> 



Cillkl, u4 a> tafmUiM (MoulDKIlo « Oirr 

bHt ontton (IM h»B Bnn ■p»E) »or cou 

•HPPWRECKS ANDMMMSTERS AT SEA; i 



ftMQLLETTS WOflKSi MlUd bj Botcoi. ComrMo I> l m. (ttodulck Sudom, H<ub 
■knr cask«, Ponniiw fhUh LnacohH OmTihCMDl FUboH, AdiD«i« tt h AIob, 
TnitihTiuh x-f Hodioatio, •Hh ti npiui riHa^ br c»iuiiiifii(pik.uii.<^ 

«OUTHElfS LIVE» OF UNEDUCATED POETS. Te •bldi in HUM, «AlHpIt te 
'SPENSEH-S POmCAL WORKS. Cox^tU. vltb lUndiOorr ObwnUon m lb* 



iuivlioii [pgk. •> Ik), ilcik. ti. tM 
SWIFTS WORKS. IdlMd bi BDiccm. Comid*u In ■ loti. HidliiBtn, F<innl((piib.at 

" Wbomi la U» Ibn* bSsfiliinj bu mj bmbi it ill. bu amm."—Ltrd OmurfM. 
TAYLOR'S (W. B. S.) HISTORY OF THE UNIVERSITY OF DUBUN, mrnna 

Wind KiiinilDn sf Hi BoUdinfl ud AcidduU CoitimH (pub. U II.), cWk, r>. W. IMi 

THIERS' HISTORY OF THE FRENCH REVOLUTION, tbt ii pwu lo i tbkt nL 

THIERS- HISTORY OF THE CONSULATE AND EMPIRE OF KAPOLEOH, 

tb> 10 pirU 1m I Ibkt vdIdmi, rvjMt itd, biDdtoBtlj priutod, obnb lolmJ Ipub. it u, Icj, 

• tbo mil, tfea MTU Hptnovr, «lb [pub, itli.ld^J U-U. 

^TUCKER'S UQHT OF NATURE PURSUED. Comptau 1e i loU. no (pub. u u Ite^ 

«Tbt 'Ltabt^rVitun* 11 1 va4 vblcb, ifler mub cnridtnlkB, I tbluk laysUntb^ 
zl»d to «irtbo moot oriflul ud pTDfoand tbm bu ern ippouHl ou Bonl pbaDHipbr."— I^ 

ITYTLER« ELEMENTS OF QENERAL HISTORY, X» tttHm, OM u» (M 
clii~lr|iHllM4|ii|«),>IHItaitt>plK(|pA.Bi>.)oMb,Ii.H. nu 

IWADrsBRITISK HISTORY, CHRONOLOQIC ALLY ARRANGED. CoBpntnil^ 

1 clvvUod Aulrdi flFBvnti ud OEnmBrea hchurob Olid Stit*, ud or lb« CdhUiuIIhhI 
roimal. ComiHick], lotillHIu!. ud belli ProinB oT U» Ualttd KtaidiB. iHili UK M 
Iiii^n b; Ibd Botmuii t* tbi Aeemilon tl aunn Vlcloit», ittk wry eq><nja Iidu IM 
•b^«». *•» JUltioo. I Inp ud iiiniillblj ibhk «L rofil no (IM WJb 



SS CATilMGUE or iraw BOOKS 

«MTimTCm CyCU>P«OIA of commerce. ■mtCAnTLK.LAW^uireK 

WESSTEirs CNUMOCD D1CT10NARV OF THE OtOLISH LANOU 
bi CmimcT A. Ooarmc-H. I» Ha lUek ilafä&r iiÜm< nttmt, ttt, iMUh kK 



WIT^t» HISTORY OF TME BRmsH TURF, raoit HIB uaum period 

WILUS^ PENCIU.INC9 BY THE WAY. A !»• u< kaiHAl UUli». vuk aUItlaa^ 

''a Uilll r>»riar enl lirpw ^Si^ ™ ..)la| tMaij •rStt ni HH, Uvf^ bit, kr •■ 

chBlMiR hTih« •( «MnrfB •ni'3«u!. Tfc« MIMInhMHuMT, IMMIUMIMI, 

1rlUi> mi p«w XIUanrulH.-'-MM.*! Itot» 
WORCESTER'S NEW CRITICAL AND fROMOUNCINO DICTIOtlARr Of 

kaki7 •riHtan OHnnpWad Wtrntt, Ukt nnrnbl m |p<k. « IL ta.1. (Mk, Uh INT 



imffaai.% CXPEOmON to SIBERM and the MLM KK,*MMIr 
WRKKT-S COURT HAND REflTOHED. wflnHUliM ■■Wil a .»«i^ «I« ifclnfc 

£^ El. BUi tu, S plUH fpiE. ml U >i.\ IIoU. lb. IM 



JS^ibuIogs, inotals, ffictlnfaufcal p^fstoiB, Sn. 



■Uliiii, ul •b» iHoli* U aWi !• I» «iuUhI ^ 
iWNyAN'9 PILGRIM'S PROGRESS. Onni nnpIcU. >n> > Ub u< hmh. i>r l^ >» 

CALMETS MCnONAIIY OF THE BIBLE. WITH THE BIBLICAL FIMO 
«•»!>.' Eltk» pvOr ixluivl EdMaa, liainiAüIr lirtaul Da Is wim rOT« (P«*- •■ 

BMlcil B»dnt.^ii!uUMiHi Bida ni« tbi tUl! •) ■ rrummu' iir tiatari Im Ika 
MfTtlM i •■ m«mWh»i?mImi u« UlonnttndvicilvUm, npluiUoiT «f »tT^ w w 

CALMETS DICTIONARY OF THE HOLY BIBLE, iMI)*^ I toiK ••t.toparlilM. 

WsMIuHHd Hipi linli.uil.M.).clMk,lfc. UV 

CAAY'S TESTIMONI^ OFTHE FATHERS OF THE HMT FOUR CENTU- 

BTEB, TD THE COinTmiTIOH AJID SOCTBIEEI Of THE CKDBCH OW 
BHIMJKD, u M brU li lu ttty it Aitlcl«, m [pmli. it IB.), iMk. Ti. U. 

"•nti nA BQ to c)ii~*l •!» ttaH dT F«nH Bd Bl*9i Ban; wliukicUdtc*. 

CHARNQCteS DISCOURSES UPON THE EXISTENCE AND ATTRIBUTE* 
SfwSS. CMirint la I lUck cMHIr inl>u< .tiL no, *H> PDRnH (1Mb. H IUI 

-FiriHtnllT mJ ««Tit. awMpbrilciil ighllMH; mU t'liftHral ilaplliltT. bwwB Han- 
D..„-;;c:,G00g|i: 



KTBLISHID OR SOLD BT B. S. BOBM. 
CHRISTIAN EVIDENCES. 

Aiolnrt tot Ihl Bini>^ Pill 

«™iC>^Ull'iDI»miIU» Hkiiflir*Bb«l«k"%liira'[tk>*WUuuH^*>ia«HHl: 
M.ikiBHirnaU. I>lnLiwälA>(imt.mtMi.),dHk,lb. iwi 

SMHISTIAN THp^SUBXC»Mliai«gf th. iiiin.1^ Byimii» »d Th.Hm. mm fcir 

udtairltHi wECnru'i FhiUcü TnulH « RignMHtoB : Boasn'i CnKit uitolaii 
ilDlU-> Mihi VinllMi Oilkl'i Hbbht iT ill IH Fi*|«ni lj>i>> «mhanlkUf, U>- 
«•frnud PmarmlM- ml rndLUlU; of llw Nav TailaiDa»^ Auiut'i L*tu» 4& Uw 

etUMirS CONCORDANCE TO THE OLO AND NEW TESTAMENT, nrtorf 
(M «rinMd I17 O. B. BuriT, tUBt luo, UuilAUl; prtalrt (pub. u •■.), cMk. tL H. 

"A « nwrnriy Ml; ud »it itw sUaim. II cmUtai lU Unt li wM Id tki «IllMt 

^^»^»(Rev. ANDREW) COMTLETE WORKS; •Ui>H«(i.riil> Ufe.ii7lli 
»IM. 1 l«m »»1. faiVäli 1^ "" »Mill«, rtniwn |p«ii. M ii. t«.),iMik,u.H. uu 

S (DR PUMTHUS) LETTERS ON THE EVI DENG E^ POCTHINEB, 



ORAVEnmUN) LECTURES ON THE PENTATEUCH, »d, SwtUultm («^ 

HALL'S (SnHOP] ENTIRE WORKS, ■ttb u ihooiI of bli Lin uri Snlntn. W<* 
UIÜH, irilli oaldRdila Addlttou, • TiÜJitloa tl ill U> LiUii flK^ ud > Olnan^ 



X';i^-£^;'iKi 



HALL'S (THE REV. ROBERT} COMPLETE VKHIKB, ■Ith i 

TBnnn|Fahutl.i<i.l,cl(a,iiUtotl!Wml,U. iuJm. 

n> MSI, ^rirad Id • aiHiUtr iIk * nil. to». >wi . U. U. tUtk, M 
gnu DlTlM, BB fcon lUlL H* «KUHä^tkHUtwSjDlluiu, . 

Vh Mnl inMnti M Cllrtnlu tnik, mni Hk nUliaHj, n m» «•MitvMlMrSv'Sn 
tkita BUdHa ika iKnd scutn «(ur u* h m^Bt."— W i | i » li<ii^ l . 
••Ita luo a( HrtRt Hill vfal )aelunl b; pciut^ IMH tka b«i willni or Ot a». ■■ 

val]ulkaiinatiteDnniid*r«Hl*nolnl%lDiutrulii,uillb«brigbuHauiupaH iif riiililliB 

NCNRVS (NIATTHEW) COMMENTARY ON THE BIBLE, b; Btciiutbid. Im 

*TMI.«lgri<<wE^lIoD,Iii&Hdomlno|iiiMr()>Db.u>l.ai.),ilcS,ll.l>i.U. Uu 

MLni (REV. ROWLAND) MEMOIR^ br bh Fri~d, a. a«, w. Jm», EdHi,«ttk 

i>>nen,b;ll>lB«.Jiliu»iliuiiiT>a<'u»>t<li.i.'i »aammtaliUturaltarwf 

HOPKINS« (BISHOP) WHOLE WORKS, lu • mwIi o< (b> Anboi, b I ihkk nL 
ni>lM*[<>äb.iilia>.j,tUk,lu, n. ubV, wHb • niT nuadn ■Honllad« orlteB 
BilSiibJ(M,iT*1i. HT>lng(pib.u 11. u. |, euib. w. uu 

-Bla«yH»|iMM'i»ii ilul»nä <iHbom—m» »M—J boij oUhmt. Bo ■• elm, nka - 

HOWES WORKS, ■IUiUb,bjC>un,IIUI<iiil.lmp«W In, FoRnH (pnb. u IL UlL 



HUNTINO[X)N'S [COUNTESS OO UfE AND TIMES Br 1 »«.Bo. otibo b™» 
ofUlriojiud HmlHi. Iblk TbooHml. irilb • «ndono iMhi. 1 lui> tali, no, FocsolB 
•f Ibo C^uuia. WUuMd. OKI Woriir (pnV. u II. u.). claib, lU. UH 

HUNTINODON'S (REV. W.) WORKS, EUtodbjbi. wi,i«.itr«>, PonnimU RiMi 
Irak. H It. »L M.), oMk, U. ti, 

LKISHTOH-S (ARCHBISHOP) WHOLE WORKS: u wUeb li mBnd > lib iC U 
Anbiii, » tt« S«. ■. T. FaiuDM. Ho> Edtttu, I Ihlcb Tola, tn, tvmU Mrt. It U.M 
UBrnttAim. m mlT aM>la» Ulna« MB 
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liKlKT0*2_^*"'*EIJTAHV^O{HI^F|ETJH^a Lft,^ I 
UVES OF THE ENOUSH yk\tm.Bt •!>• But. J. H. HmtL 




MORrS (HANNAH) SPISIT OF PRAVER, • 

MORES (HANNAM) ffTtlRIES FOR TXE MIDDUE RANKS OF ^CICIX 

MORE^ (HANNAH) POETICAL WORKS, rititnlr^uu.),<a-M.u.u. 

MORES CHANNAH) MORAL SKETCHES OF PREVAIUNQ OPINIONS AND 
UXMHSBg, Fonlxi ud DouiUe, >1Ui BiIkUdu od Fnni, pot no (pull. 1 «lT, 
lIMk,<L ' Cmd,U,ltU 

MOR^ (HANNAH)^ K»t¥ ON THE CHARACTER AND PRACTICAL 
MORES (HANNAH) CHRISTIAN MDRAL& I<>illn(ixli.illiiLU.),clMfc.c 
MODES '^SiJ}",' ,^*^'^*„'-pJlE?! Oi,a«i«n~M»rih. adiitoBT*, 

ImprdTtmut, vklcb b »pfrlikt, 
MORES (HANNAH) SACRED DRAMAS, iU»rliit«iMf<ii Tom« F»i>]>,b><Mekta 

•— '"""iS 

WORKSilnTj>U™ürtW^'>l«Nj«l^Tb«t*.fj,MoiW»ii4rollllcüPMICMfkj, 

PALEjrS^COMPLETE WORKS. lOi > Hloir.piü<»l SkHdi ot lk> Aiilur, t^ Bit. ii.s. 

PASCAL'S THOUGHTS ON RELIQ 

PICTORIAL DICTIONARY OF THE HOLY BIBLE, or, . c»t<wU. .r IIIKrubn 



«M^J^ WORKS. lHl«<ta( Nil SkHmct ,1 tnwMt ud Rons BdbIT.Ocie, u Db»» 



NEFF (FEUX) UFE AND LETTERS OF, timoditi 
PALEYS WORKS, Ik 



PDBUSEIBD OB SOLD BT H. O. BOHV. 




itnl vlU Im ftnuKLpHBllaiLT Bdntcd bi m^Mt tt«BbS»or iff nKUWn «kTr 



SMITH'S (REV. DR.) EXPOSITION OF VARIOUS PASSAOES OF HOLY 

SOUTH'S (DR. ROBERT) SERMONS: u •Uct m inM»d u< ctM kwU of Ite 
gnmoiii. • BlotnpkkU IlraMi, ml Ounal Iidii, i tdU. niU »o (rob. u iL UJi 

■TEBBINO-S HISTORY OF THE CHURCH OF CHRIST, tn>iDU»DI<toCAii«lii^ 

ffTURM-S MORNINQ COMMUNING „ WFTH GOD, OR DEVOTIONAL 

MEDITATIONS rOB ITBltY DAI IN IBS IÜK, Duiliad rnm Ult Oeimu. Niw 



S IJEREMY) COMPLETE WORKS. w>a< in Ew;, BtormpUa] ud CrtDi^ 

TAYLOR'S (ISAAC OF ONOAR) NATURAL HISTORY OF ENTHUSIASM. 
TuOi BdlUoa, feap. Ins ihtb, H. INI 

■■llt>HtntUuU«t*IHMirllkIwiirkt«ta(,iilliUBniHll«b1i4DH,lki ' 

tt t m. f jwiiit. u4 Miiiiii ikimiu. In ■•ä^*r^— ■ — "-■— ■ -■ — ■■ — 

Itm; tat j« H O M raan loplM MnaBtnlli« "^ '">■ 
wUii k»> AA« npuUdIr Oil vkoto tuU«lul u 

TAYLORS (ISAAC) FANATICISM. nMEUl 




TAYLOR'S (ISAAC] SATURDAY EVENINC. 

TAYLtWSOSAAC) ELEMENTS OF T>IOU0HT, « «iikIh Birlu^^u^i^^iMI- 

TAVLOR'S (ISAAC! ANCIENT CHRISTIANrTY. AND THX DOCTSIHES OP TSB 
OYH)ftr> "TRACTfl FOA THfe TIMKB." Foonb KdLtloa, «la ft Snpplbüllt ud 

TAYLOR'S (ISAAC) LECTURES ON SPIRITUAL CHRISTIANITY. l'o(ixb.u 
^^KdtJ!!.^^ 'S^S^ü' ELEMENTS OF CHRISTIAN THEOLOGY, FoirhdUi 
TOMLINES (BISHOP) INTRODUCTION TO THE STUDVOF THE BIBLt 



WADDINOTON'S (DEAN OF DURHAM) HISTORY OF THE CHURCH, 

FROH THE BAIILIUTAOES TO IBB BBfOBIUTIOH. 1 lllU. t» IpDb.Ull. Ik.}, 

^'^Ju'"°'*^aS^^'' °^ DURHAM) HISTORY OF THECHUflCM. 
WI^^FORCE'S PRACTICAL View OF CHRISTIANITY, mba OMinbaBl't 

WILjjMOTT^ (R. A.) PICTURES OF CHRISTIAN UFC »v ■"JEmhIi 
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^onfgn l^nsttagn anb Iftnatan; 



ATLASES.— WILMNSQin CLASSICAL AND ■CHIPTURAL ATLAS, ith mn- 

W HwL «ilMnl (pok. u iTEb). UlTtoiud nuncn. It. u. >*>■ 

AINSWORTIfS LATIN DICTIONARY, b> D>. Junuw n «lund KdHU, iwil» 

I^aUltinrtitf «•OuulalNiIlBBti. TUcktm, uulytuid (puG. il Il>.|, b UW 
KNTLETS (MCHMO} WORKS. C~t^tv TM :, nm ii> ; rm^a,mimjinMm. 

aoni: BDTlt LKUin: B**BkiaB FrH-UtlnklbBi CHttuJ Workk, Ac Oiixtd, wUk eoBtamm 
Isdic« uä NoUi, bt lU B«. Auzirnu Dria. IMj«.»»i»»i»1(liUf prtowi »«11m 

WBUA KEBRAICA, EXEDmONE VANDER HOOQHT. Kh^wH J; . D. Jx u. 

aiOGHAPHie UNIVERSELLE, AKi«D><iH«i>n» """^"^ilfl^^^^ °?;^S 

eOUItNE^(VIMCBirOP0CTlCALW0«KS,Unfcmy 111, I— !>«>.«> «fc*^ 



CIMROS_ Ura. FAMIUAÄ LETTEIW, *'"> ,l£^^*^™i*J^gft 

CORPUS POETARUM LAT1N0BUM. MWMa.*.Wuim. Ca^mblmraiDk 

tiita'in47r>£^f> nl<i^ «ÜU t iant7 i< Oil pHdE^ Lada dmla. mmHIr 




OACUC-ENQUSH AND ENCLIBH^AEUC DICT1W4ARV, -— ___ . . 

mil EVuolQiilcMl Kanaib. » »g Knalwi or Uit HlflUaa^ bU«. C^pHH I* 1 1 
nl. tia. Nn RdMM, rjalihlin aiuj m niiila tkaa tkt lu UUUa (täk at IL 

OIIACUA'S ITALIArtENOUSH AND ENQUSH-ITAUAN DICTIONARY, > 



"Hebouotu 'iSSS "'^' "-^ -g!t^ J " '^''° ENQUSH LBUCON TO 
LEMPRIERE'S CUtSSrCAL DICTIONARV. Hbaluara EdUaa, Hnateb« . nil uaaart 



PDUUSaSP Olt BOLD BT II. Q. BOHN. 27 

LErS HEBREW ORAMMAR. cnplM (mm Itai bMl AnntiUlH. ud uIi^iUT »m 

l.CE'S H£SaEW^HAU)EE. AND ENGUSH LEXICON c_^il tea 1b> ta« 

Viaph'u. Ixad ta IH IIi1>;n*ai>d ChUiUi Tal •! bk OU TaMBainTwlS hb«iih 

«fncUsDi Ol ISTHR Lixkggnilitn *Bd i " ■ . ■ - 

Ukkiol.tn. TbIldThouud (puB.ll ll.ii.),clillb.Ui. iMd», UM 

LEVERETTS LATI W<MOU |H^*WP EMBUHMA^ (JXICOW, iii»nm IHm 



NEVTMAtrS m*CT1CAl. SrSTEM OF flMETOR)C; «, tti Tita>«l> u< » 



'«sssÄ!S'«5s*.r«ssJs.aBfEiyb«aa 

ud LIHnri, i>(lkiTiiil«aIIml)ii>-<rib>Wiirli>n>1i«d.>tiiiiiitn, und» Uh 
KtiiUr Id • laita gl pwlillel »luia», h u u «hlUt Uii •Ul* el Jhe »hiilf CItII 






PLUTARCH'S LIVES, k; Ika Luiidu». CkpImi b I tMA * 
«AMSHOIIN'S ncnOMARV OF IXTIN SYNONTIRS, ütIIi 



^^ a<nr<uM 

ecMOMANN's MwroRY of the tanamut» of the rmEMAN^ 

ELLENDTG «EfiV AND EMGLISH LEMCON TO SOPHOCLES, muoud^ 

STUAnrS HEUEW CH«aTOM<THY. li^HMmmJMM.nui»CMiMi)l 

llBtaia« atDdjE- midlttlaiL,l*D(piib.ftM*i.),elath,Bi. O^opd, T^Ufff«, IIH 

TACtTUB, CUM NOTIS BROTieai, CORANTE A. J. VAUfT. MllbMn,sH 
TACfTUB, A MEW AND LITERAL TKMISI ATOM. »w(»rt.ijly.}.«!gh.lOt.M- 
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Tt XEWTlOa . CUM tjOTI» VAjtIOIWIIII, CDRA ^EUWII^e™ Oimn™*. I°4— 
TO RHCT'8 (DAWSON W.) NOTES TO HERODOTUS, to Iki Oh if CoOi^ 
VALgyaOBEEK TErr*"* tWT,. WITH EHQUSH NOTES. »siFBM^MnMI 



WtUQN« (JAME^ PROrnSOfl OF FRENCH N ST. QREOORTS COLLEGE) 

II Him, ItaOiM«, bHaru, M>v^ Tnnrt^ Tvw o(.lna^ M«»,udBuIi( 
Pi iMllllhUu^ I« mA tMt«n». CMfUM ftlMai DlalniM^ <r UM AmJlWftBtWT»^ 

xnraPHOHns okha, q*. et lat. schneiouh et kunii, A«n imus 

XENOPHOira WHOLE WORKS, mBiM H mutu Id iifea. »••««■■•«• 



.ßofitls, aaoits of Jffttion, %i^t SUallfnfl. 

AHKWOflTm WINDSOR CASTLE, u BmM Koum, tlMnM b, Ow» 



BREMER'S (MISS) H°'''£L^^J£|S?" '^'^^ *"" '*>"I-"0I>- •»-■•*^ ^^ 

THE NEWHBQURS, A STOBT or BVBkl lUT ura. munul ta Mux 

Bann. AM Mitton, ntlH«. t>tl>.psHRii|Tik.all»|,ilölk,Ti.*l. IMI 

WUIKSHANK "AT HpMCi* » W« >—ii» Anna. ati»tiiii BminhBufaiiuihtt« 

ODD fOLVMB,OKBOOKO*VAklBTT. niDBiUd bi Tia oITFillMn-ainian 
aalCHUuuKE. l4(tikylKli.bMii>< )iit,t^ •>alfik.illLIti.J,cloU,|IU,i(LN. 



Howrrrs William) wanderinqs of a journeyman tailor, 

TBBOUair EUROPB AND TUB BAIT, DUBIKQ THB IBABl IH U lUi. Kn: 

iMiadhjWiua^ HoiriiT. I»p. In, •tu Ponnli (pali.alth|, iHilk, M. M. uu 

riOWITTS (WILLWM) QEHMAN EXPERIENCES, utnanl la Oi ki«IM, Ma 

JANE'SJEMMA) AUCE CUNNINGHAME,iir,tklCailittuuIlaiiiktai,IUttI,rrkal, 

ulirua. Pm >•« ipuk-iib.), clMl^u,■^ uii 

"^iHU, ud Buuini inxnlgta 'is uT^ii^b Lufuet. Cmplau ta 1 lUtk u4 <ll~lr Ml* 
JERROLO'S (DOUGLAS) CAKES AND AU, A CJagyJ kaowaaa ram tmi 
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„ FTTBLISHED OS GOLD BT H. Q.'BOHK, 
UUT OFTHE PLANTAG^FTS, u huucIbI Nirnd^nMnUi 
LEVFRl.^l'THUIt O'LEARV; HIS WANDERINOS AND 

tOVER'S LEQENDS AND rTQRIES OF IRELAND. BM B«l_. inU-k^!.!^ 
LOVER« HANDY ANDY. A T.i.^on-Mi ufc^^U««™ i™. lUrd EUUu, »a t4 
LOVER'S TREASU RE TROVE; C 



_„ „.J (CAPT.) POO« JACK, ILhirinbid br W lup itf ug-MUh 

BBgmlHBOB Vflad.an*rUuiiiHI«TiTd«%uar Clakkhi IVAnimLD, ^.A. II 

MARRYATS PIRATE AND THE THREE CUTTERS, i™,»»« M«t.l>li 

BDcnvInn, aOtr STAirrlftUI, EB«rtTt4 v^ fttHl ^ CHAU.xft Hbaih (orlclAallJ 

.__■_ ^gH^^ 

BgjAaB O**«," " Dar !■ du Wm^'* b. ke. 1 toU la I, 
^Tiii |piik.ulM.).il«fa.*i.t>I. ud 
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^1* BUIlH. kuulhl IrninH, lUI alMt, 1«. 

PHANTASM ACORI A OT FUN. Sdlud ..4 Illuuiud b, Ainie 

PICTURES OF THE FRENCH. A ><il« of MHnrr md On;tili DtlbwBiiu »r Fi*Hk 

POOLE'S COMIC SKH^K BOOK; OR. SKETCHES AND RECOLLECTIONS 
^ml'2 A^T"™ "' '*<'I- P"»- •■™'^ KJW»!, t I.I.., »M ITD., Im, rutxatt, 

SKETCHES FROM FLEMISH LIFE. Br »«"« Column. Hki 11», In Ws« 

TROI^PESJMHSi LIFE AND ADVCWTURES OF MICHAEL ARMSTRONG 
TSS FACTOSY BOT, nHdhiM m, >tlli H llMl Pluia (^k. W la,),iUI<liilh, ••. w; HÜ 

TROLLOPfS (MRS.) JESSIE PHILLIPS. A Tüiif ■h>PiMai>v,wUnM,pi>rt. 

UNIVERSAL 90NQSTEH,^»vwd tr^eniMAin, ^m tt. hnpui uriiMi» •; ikt 
BiTlin u BHii uTirsidrS^SBiiui CmnUKuä, bA > iiäilUoa FiMnlB (fuk. Ü 

^ttbtnflt anS lEIementarp i3oofes, CEemnastfes, <rc. 

ALPHABET OF d 



CROWQUILL'S PICTORIAL GRAMMAR. lU, >I1A IN haBiniK mmmlwi (pub. 

DRAPER'S JUVENILE NATURALIST, ir CohIit Walti k tote, riMMii Abuu 
jj<Wlj.t~^^o«.U«. -B. K IH.UUM7 «»»rt W«—» (5ff'«I*M.);rt»k^ 

ENCrCLOPXDtA or MANNERS AND ETIQUETTE, — gMm m ^ f t » A •aon 
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•OOIM4ATUREO BEAR. • -^J- CUH« «T lU A««, ■ 

«tlMM-B TALES flKMI EASTUfI LAMBS. Xi« B 

MALL'S (CAPTAIN BASIL) MTCHWOBK, i 
TiiTiU. Mrud UUlH, us, alHb. «JUi a» t 

HOLIDAY LIBRARY. *Mti hi Viujm Hie 

ijnik. •! lb. u.|.ilak. M. iL, H ■■|i Mm {j._.l. !-Onifc 
Owwa, h. U ■ I"'- grBDtiuiLI. u< fUi) TilM, b. W. 

Howrrrs (wiluam) jack of the mill- tniL itoo [ 
Howrrrs (maiiyi child's picture and verse book, *> 

"Ova VpMkm'i r«h]* Boat," huiLkied law Ajisrlah Vent, wtü Fnteh 

LAMB« TALCS ntOM SHAKSPCARC, MB<<<i*kdpinriDrifHDtT«uP.nB 

«iliui bi Hi» ikI CHJIIIUI LiHtl-SUlh XSanu, inlnlu^i«! wKI, la lint infWiiilfi 
t«4MlillJ»»tl«».>MtMlHi bjlfjjTH.fc«!!. »w(>iili.«l ti. 1.1.1, ckiltrlfl.ti. IH 
•■Oiw «riEt Ban sHdda^ ünblf DiitI|«liull u Ikt mdnUailni oIBkiiniHt alllcl 
ban btm pnduud. nt joulHsl m^r -ic li tlwil u luu Uit c Wi». gT our (tw Binl 

L. C L TUITS AND TWAL> OF EARLY UTf. A ltd« »nii^a .da«_d u 
YtuMmr—rtt. BtL.1. L. INiii Li>i»il, rtuRk aakt, bu. (n, alk 1 UuUIti 
fMlii»i5pmwdMtmHiM>.»lb.l,iMi»feit.b. IHI 

LOUDON« (MRtJ ENTMTAIfUNa NATVRALMT; Mi* ptnte DatHpH«^ 

^TMh b3 jIhUOUI tf B« Iku Wma«U.MffMtll j WtUab & I M i wi|«I^ Blnl^ 
lyt»», lyffl »«. Iniw i^,»«. ofrtjgi ^MhJi » U tadtojiiiBHtl. ItW* Bduoitooj 

MARTIN AND WCSTALL'S PICTORIAL H'''^\J2£a£%>F?'^l""h'ai 

TkiDtniit, ra]ioriIlpniii,to.),ii«küi,iyt («nL n4in<lu IM. VMi bouu un; 




PAMfrs ipmRtwpmcii* of msromr. i 

PERCY TALES OF TH1IW>M» OF CNOLA 

—.h. ■.■■■■. ai!:'...k.]ii.Lj ,rtb u 

N HOOD Mip MS MHIRV rORE9TCftS. >f BTinnii Fiici. Itau- IK 

'^- — -mti-r SuuT rpub. Mb.). tuS, b. W,, ti •Hb ulsti*! PlaM, b. 1 

'S (MISS JANE) EDWARD EVELYN, > 
f T)i4F«uut'«T>la,"bjJvj'ft»ir« lAIUd 



rOMKIWS BEAUTtES OF ENQU9H POETRY, titat (or at u« if TsDih, u 
nrtJ iudd. Tin ttinacJr Bila(t4, vWi ■ beuUToI Fi«1]«1h tlUr UAsrxr, tlwul id 

.d.~,b.w. a 

IfOOD-NOTES FOR ALL SEASONS [DR THE POETRY OF BIRDU. ■ («In i 



tourm rnw hamdmok of emtertaininq knowledge, id • : 

.TttttJ yjjl»™ ■»< iMMttw tt^jjyil «inn lutbbtgf)« 



FOSLuaxD OS sau> bt h. a. dobh. 3^1 

. .... ^_„~AL UBRARV. A MHtta X Ux taM Vbm -mt i M W— m l HW>, kg« 
EDtlUll and FonWn. adIUd ^ W, Athtob» Elq.arib« Open' TlH**. tftlLfbHo»«^ 
pnbtaUnjr «'" uftK 4H plKH of MnlB, bHUlnü^ prfaord vltb ■«■llir tjp«« (^ik. aft 
^Ib ^ . immil M/ 1» hiJ ttfmnUIr, «> fa 1 Ton. Um. 



iSlctifcftu. Sburon;, finntsine, OCIieniistis, 



BAflTOI 



AND CAffTLTS BRITISH FLOOA MEDtCA£Or,nB_T ' Uh 



BEHR'9 HAND-BOOK OF ANATOMY, bi> Btmi»»t imih.ihuiIm ml o«j'» Hifiaji, 

BOSTOCK'S IDR.I SYSTEM OF PHVSIOLOOY, snulib« t CvopM. vin um» 

tTMUimwjf ai. » eli .M . tlkUUlH,nibirIalBn^Ikn>i(lia.£lnlw,»(_), 

BURNS^ PRINCIPLES OF MIDWIFERY, IWOi^ •«•Mm. lkkk>n,iMkMBn<[, 

lp.li.ll Ib.), M. 

tlMpimctkaarEbbeimaEiT; ji TArmJlol Tlhle of uciHl Aa^ Mddin MadlHl Urtu, anaoTBt^ 
«■llAlH, Bvuuna, AG. ud, tDdHd, rfaryEtaiai abkk aaa ^ Hclal U 1^ Hadleal SlvdtBt; 

'^'''ocfL(rat*iKU*VH"''^*T^'' l^OM '■*''*■''! VE "NAT0M"^PHWIOL0gY^ 
(lAWBKNCE__tyn_ON THE ^DISEASES C 

fcEY^I 
UFE O 

MEW LONDON SURCICAU POCKfiT-BOOK i^ nrdUi 
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NEW LONDON CHEMICAL POCKn^-BOOK; uUfMUUmII 
HEW UONDON MraiUl. POCKET-BOOK, Is 
'*5IK*ii£?iW!a{"^i?'' °'"" *"° '"'^ DMCsnVE rUNCT» 

"".'StftÄ'ta'itlk'SIiWSSii°'vifS*itT!l£''' "»"EVJTYj «iiu I. 

SOtn-H« DESCRIPTION OF THE BONE« U|.a« .u ib.ir ■««.] «» 
TTwt H U., Mnl «atili^ um.,.««* iwaru |nÄriaT..i. u. Id. -™™j, M" 

4CAL ZOpl^QY AND MINEftALOQY; IuIbUdi il 



WQpDVILU'S MEDICAL BOTANY, nu IdMa, otan^ k; •» v 
BnsEii. t?iib.4U,*ia >u PUU>,E>tn?«dbf laiiiUT.BiMiannillictil 

— ■■'■"■''-"' ' ■■ ■■. TiM rutk, •! limlniVnuUT YoluM. in 

UUiu. as, N sdnin« FIOh (piib, u 
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BRADLEYV OEOMETRY, PEHBMCTIVt AND MOJECTION, •» 1». oi 

eucum BIX ELEMENTARY BOOKS kt Dr. L^mBi, ■» u BipUiiUa^c 
vnuni a>— MUUl gTTrlMi ud i TthiIh h Sodd Onuu;, m, HUiIb IUI 

EUCUp IN PAHAGHAPHa; _T1» »iMMnM of BttOL CQJMHidi« Ibi >M Ui Ssck^ 
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JOYCE'S sciEMnnc dialogues, «lui^ ^ n«»™. bi at iMt™^o. 

ViujiK Pinocl, iSqilnrio tk> pn«! nu (flKiMdli (HI pi|«). um 
STURM'S MORNINQ COMMUNINOS WFTH QOn « Dinlkiul a>dli>floi 
CHI LUNG WORTH'S REUOION OF PHOTESTANTS. «ipp.JiM. 
CAR Y'S TRANSLATION OF DANTE. (Um^ aim ^.(»j.onuu iioOm 

risbii rui hack, ri. u. 
MAXWELL'S VICTORIES OF THE BRmsHMMIES. iBlun« inl ^^»^ 

MICHELET-S HISTORY OF THE FRENCH REVOLl/TION, truitatal «rCC 
ROBtNSON CRUSOE, bKlDdbv Ui hnWr Adtuiiani, wllk > LUa if Dafia, d. DP 
BTARUNQ-S (MISS) NOBLE DEEDS OF WOMAN, u Bniipl« "*;~^'^ 
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